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Annually, over 600,000 youth are treated in Emergency Departments for assault-related injuries; African
American male youth are disproportionately affected. Research suggests that adolescent-adult connections
may protect youth from violence in the general U.S. population. However, research among male youth in
under-resourced urban neighborhoods is limited, based on self-report, and has not accounted for the complex
interplay between individual, family, and neighborhood contextual factors. This dissertation leverages data
from a recent population-based case control study that enrolled adolescent male gunshot (n=135) and non-
gunshot (n=194) assault cases and community-based controls (n=274) to measure the nature of adult
connection, assault injury, and neighborhood exposures. First, we examined associations between supportive
adult connections (defined by brief survey questions and detailed family genograms) and objective measures
of assault injury using conditional logistic regression, stratified by prior violence involvement and adjusted for
individual and contextual confounders. Among youth with high levels of prior violence involvement,
reporting at least one supportive adult family member was associated with higher odds of gunshot assault
injury (OR=4.01,p=0.01) and non-gun assault injury (OR=4.22,p=0.01). No significant associations emerged
among youth with low prior violence involvement. Second, we compared conventional versus novel methods
of measuring environmental exposures among youth during daily activities. We found that defining
environmental exposures based on participant home address resulted in significant misclassification compared
to gold standard measures of detailed participant activity path data. Using a novel method that divided
participant activity paths into origin-destination segments, we demonstrated that calculating environmental
exposures based on shortest possible travel routes compared to actual travel paths may result in exposure
misclassification for point-level environmental data. Third, we applied these novel spatial methods, and found
no significant evidence that adult connection was protective against exposure to neighborhood risk factors
during daily activities. This work demonstrates that despite high levels of connection, families struggle to
protect male youth in low resource neighborhoods from violent injury. Interventions to improve
neighborhood contexts may play a significant role in violence prevention efforts. Novel spatial methods
explored herein can be utilized in future research to more accurately quantify environmental exposures and
associations with injury outcomes.
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ABSTRACT 
 
ROLE OF ADULT CONNECTION IN VIOLENCE PREVENTION AMONG MALE YOUTH 
DURING DAILY ACTIVITY 
 
Alison J. Culyba, MD MPH 
 
Douglas J. Wiebe, PhD 
 
Annually, over 600,000 youth are treated in Emergency Departments for assault-related injuries; 
African American male youth are disproportionately affected. Research suggests that adolescent-
adult connections may protect youth from violence in the general U.S. population. However, 
research among male youth in under-resourced urban neighborhoods is limited, based on self-
report, and has not accounted for the complex interplay between individual, family, and 
neighborhood contextual factors. This dissertation leverages data from a recent population-based 
case control study that enrolled adolescent male gunshot (n=135) and non-gunshot (n=194) 
assault cases and community-based controls (n=274) to measure the nature of adult connection, 
assault injury, and neighborhood exposures. First, we examined associations between supportive 
adult connections (defined by brief survey questions and detailed family genograms) and 
objective measures of assault injury using conditional logistic regression, stratified by prior 
violence involvement and adjusted for individual and contextual confounders. Among youth with 
high levels of prior violence involvement, reporting at least one supportive adult family member 
was associated with higher odds of gunshot assault injury (OR=4.01,p=0.01) and non-gun assault 
injury (OR=4.22,p=0.01). No significant associations emerged among youth with low prior 
violence involvement. Second, we compared conventional versus novel methods of measuring 
environmental exposures among youth during daily activities. We found that defining 
environmental exposures based on participant home address resulted in significant 
misclassification compared to gold standard measures of detailed participant activity path data. 
Using a novel method that divided participant activity paths into origin-destination segments, we 
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demonstrated that calculating environmental exposures based on shortest possible travel routes 
compared to actual travel paths may result in exposure misclassification for point-level 
environmental data. Third, we applied these novel spatial methods, and found no significant 
evidence that adult connection was protective against exposure to neighborhood risk factors 
during daily activities. This work demonstrates that despite high levels of connection, families 
struggle to protect male youth in low resource neighborhoods from violent injury. Interventions to 
improve neighborhood contexts may play a significant role in violence prevention efforts. Novel 
spatial methods explored herein can be utilized in future research to more accurately quantify 
environmental exposures and associations with injury outcomes.  
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CHAPTER 1: Background and motivation 
 
Youth violence is common and leads to significant morbidity and mortality. Homicide has been 
the leading cause of death for African American adolescents and the third most common cause of 
death for all U.S. adolescents for three decades.(Centers for Disease Control and Prevention.  
National Center for Injury Prevention and Control) In the 2015 National Youth Risk Behavioral 
Survey, 23% of high-school aged respondents had been in a physical fight in the past year, 3% 
were injured in a fight, and 16% had carried a weapon on at least one day during the preceding 
month.(Kann L, McManus T, Harris WA, & et, Summ 2016) While most violence research focuses 
on middle and late adolescence, the National Survey of Children’s Exposure to Violence 
demonstrates high levels of victimization among 10-13 year olds, with 46% reporting being in a 
physical fight, 8% being assaulted with a weapon, and 14.% sustaining an assault-related injury 
in the past year in the 2011 survey.(Finkelhor, Ormrod, & Turner, 2009; Finkelhor, Turner, 
Ormrod, & Hamby, 2009; Finkelhor, Turner, Shattuck, & Hamby, 2013) In 2012, 634,293 youth 
ages 10-24 were treated in emergency departments for assault-related injuries.(Centers for 
Disease Control and Prevention.  National Center for Injury Prevention and Control, 2012 [cited 
2015 January 15] ) 
 Youth in low resource urban environments bear a disproportionate burden of violence 
victimization and witnessing. Among a sample of youth ages 13-17 years residing in urban 
neighborhoods, 19% saw someone shot or stabbed, 16% were jumped, and 13% had a weapon 
pulled on them in the past year.(Hardaway, McLoyd, & Wood, 2012)  In a sample of adolescents 
in low-resource neighborhoods in Philadelphia, 97% reported a lifetime history of community 
violence exposure, with 54% reporting direct victimization, 40% reporting being beaten up, and 
5% being shot or stabbed.(McDonald, Deatrick, Kassam-Adams, & Richmond, 2011) Exposure to 
interpersonal and community violence has myriad health consequences including increased risk 
for poor mental health (depression, anxiety, and self-harm), substance use, school absenteeism, 
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poor school performance, poor sleep, and poor control of chronic illness(David-Ferdon & Simon, 
2014) and evidence-informed methods to reduce exposure and mitigate the consequences are 
urgently needed.  
Several key frameworks exist to organize our thinking about how best to tackle complex 
public health problems, such as youth violence. The Health Impact Pyramid (Figure 1) provides a 
useful organizing framework for assessing potential intervention points that may be relevant in 
addressing public health problems. The tip of the pyramid reflects individually-intensive 
interventions. Moving towards the base of the pyramid involves examining interventions beyond 
individuals, including interventions directed at families, social networks, environmental features, 
and larger socioeconomic factors that drive health inequities. According to this framework, 
interventions targeting features closest to the base of the pyramid are likely to achieve the largest 
population-level impact in reducing problems such as youth violence.(Frieden, 2010) The Haddon 
Matrix provides an additional framework for assessing interventions to address injury-related 
outcomes by assessing pre-injury, injury-, and post-injury interventions across hosts, vehicles, 
and environmental contexts (Figure 2).(Runyan, 2015) These two frameworks highlight the need 
to explore protective factors at multiple levels of influence beyond the individual, including families 
and neighborhoods, in order to achieve a significant impact on youth violence.  
Research is needed to understand factors that protect youth from violence across these 
multiple levels of influence. The 2001 Surgeon General’s report highlighted the need for 
evidence-based approaches that build protective factors to reduce violence.(Department of 
Health and Human Services, 2001) Research has historically focused on risk factors(Hawkins JD, 
1998; National Center for Injury Prevention and Control) and much less is known about factors 
that protect against violence.(Hall, Simon, Lee, & Mercy, 2012) The National Center for Injury 
Prevention and Control described “identify[ing] modifiable factors that prevent youth from 
becoming victims or perpetrators of violence” as a key research priority.(National Center for Injury 
Prevention and Control) From this imperative, the CDC Expert Panel of Protective Factors in 
Youth Violence Perpetration synthesized existing evidence and identified a direct protective effect 
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of close parental relationships.(Hall, Simon, Mercy, et al., 2012; Loeber & Farrington, 2012; Losel 
& Farrington, 2012) The CDC Center for Injury Prevention and Control recently put forth nine key 
prevention strategies for combating youth violence, of which two specifically focus on adolescent-
adult connections: “foster safe, stable, nurturing relationships between young people and their 
parents and caregivers” and “build and maintain positive relationships between young people and 
caring adults in their community.”(David-Ferdon & Simon, 2014) 
Adolescent-adult connection may play a significant role in violence prevention. Adult 
connection is central to healthy adolescent development,(E. Bowers, John Geldhof, Johnson, 
Lerner, & Lerner, 2014; E. P. Bowers et al., 2012; Lerner, Lerner, & Benson, 2011; Lewin-Bizan, 
Bowers, & Lerner, 2010; Theokas & Lerner, 2006) demonstrates a direct protective effect on 
health behavior and mental health outcomes,(Youngblade et al., 2007) and a buffering protective 
effect in the presence of adverse events.(Hardaway et al., 2012; S. T. Li, Nussbaum, & Richards, 
2007; Loukas & Prelow, 2004; Proctor, 2006) Research from the National Longitudinal Study of 
Adolescent to Adult Health demonstrates parent-family connectedness is protective against 
violent victimization, weapon carrying,(Resnick et al., 1997) and committing weapon 
violence,(Henrich, Brookmeyer, & Shahar, 2005) and buffers against school difficulties, 
substance abuse,(Resnick, Ireland, & Borowsky, 2004) and effects of violence exposure on 
subsequent violence.(Brookmeyer, Fanti, & Henrich, 2006) Also, family connection may modify 
the link between neighborhood violence exposure and violence perpetration(Brookmeyer, 
Henrich, & Schwab-Stone, 2005; Jain & Cohen, 2013) and youth distress across a broad 
adolescent age range.(Turner, Shattuck, Hamby, & Finkelhor, 2013)  
Research specifically examining the role of adult connection in violence prevention 
among youth residing in under-resourced urban neighborhoods has produced somewhat mixed 
results compared to association studies in the general US adolescent population. Research in 
low-resource urban populations has relied on self-reported violence exposure and suggests that 
families often struggle to protect youth in these contexts.(Gorman-Smith & Tolan, 1998; 
Houltberg, Henry, & Morris, 2012; L. S. Miller, Wasserman, Neugebauer, Gorman-Smith, & 
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Kamboukos, 1999) However, other research suggests a potential relationship between family 
functioning and exposure to community violence (Gorman-Smith, Henry, & Tolan, 2004) as well 
as between family support and lower levels of direct violence involvement(Culyba AJ et al., 
Available online in advance of print April 2016) and improved adjustment.(Vazsonyi, Pickering, & 
Bolland, 2006) Given the disproportionate burden of violence experienced by youth living in these 
communities, further study of the potentially protective role of adolescent-adult relationships is 
warranted.  
The existing cross-sectional and longitudinal research base thus suggests that adult 
connection is associated with multiple important adolescent health outcomes, including several 
forms of violence. These associations are most robust in the general US population, but research 
in low-resource urban environments also suggests a potentially important protective role. 
However, while these studies suggest adult connection is protective, they are limited by using 
different measures of adult connection, using self-report violence outcomes, and focusing mainly 
on violence perpetration. Severe violent victimization is rare but serious and has been 
understudied. Objective measures of violent assault are needed to study its relation to adult 
connection. Solidifying this association using objective outcome measures is a critical first step in 
understanding the relationship between adult connection and violent victimization and ultimately 
informing violence prevention interventions.  
Additionally, further research is needed to determine mechanisms through which adult 
connection may protect youth from violence. Little research exists and most has failed to show 
significant effects of postulated mechanisms,(Stoddard, McMorris, & Sieving, 2011) perhaps due 
to inadequate control of the dynamic contexts of youths’ lives. Assaultive injuries stem from a 
complex interplay of factors including alcohol, firearms, and dangerous urban environments(C. C. 
Branas, Elliott, Richmond, Culhane, & Wiebe, 2009; Brent, Perper, & Allman, 1987; DuRant, 
Kahn, Beckford, & Woods, 1997; Fingerhut, Ingram, & Feldman, 1992; Lisa A. Rapp-Paglicci, 
2000; Rivara et al., 1997; Sheley, McGee, & Wright, 1992), with interactions potentially changing 
across adolescent development.(Halpern-Felsher, Millstein, & Irwin, 2002)   
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We postulate that having an adult connection may change how youth navigate their 
neighborhoods, altering their exposure to environmental risk and protective factors, and impacting 
their risk of assault. Evidence that adults play this role exists. In some violent neighborhoods 
adults limit the time their youth can spend outside.("From the Centers for Disease Control and 
Prevention. Barriers to children walking and biking to school--United States, 1999," 2002) Parents 
often cite safety concerns as paramount in their willingness to allow youth to traverse their 
neighborhoods on foot.(Panter, Jones, & van Sluijs, 2008) Youth residing in dangerous urban 
neighborhoods also reference the importance of supportive and involved adults in helping them to 
develop coping strategies for staying safe and thriving in these contexts.(Teitelman et al., 2010) 
Accurately measuring an individual’s environmental exposure is crucial to understanding 
the risks faced by youth,(Basta, Richmond, & Wiebe, 2010; Cummins, Curtis, Diez-Roux, & 
Macintyre, 2007; Flowerdew, Manley, & Sabel, 2008; A. T. Geronimus, 2006) and has been a 
shortcoming of violence research to date.(Hall, Simon, Lee, et al., 2012)  Failure to appropriately 
define environmental exposures may lead to misclassification bias, which can impact on the 
ability to detect meaningful associations between the environment and heath.(Gilliland et al., 
2005; Lam, Loo, & Yao, 2013) In many instances, investigators define environmental exposures 
based on participant home address.(D. T. Duncan et al., 2013; D. T. Duncan et al., 2014) More 
sophisticated spatial modeling techniques are being developed, but have been applied to a 
relatively limited number of health outcomes, most commonly exposures to environmental 
pollutants and cardiorespiratory outcomes and exposure to intersections and pedestrian injury 
outcomes.(Lam et al., 2013; Xue et al., 2009; Yao, Loo, & Lam, 2015) Most models rely on the 
assumption that participants will select the shortest potential travel route, or that they are equally 
likely to select from among available routes and do not account for the complex constellation of 
factors that are likely involved.(Guo & Loo, 2013; Millward, Spinney, & Scott, 2013) Limited 
research among youth suggests that operating under these assumptions is prone to 
misclassification.(M. J. Duncan & Mummery, 2007; Xue et al., 2009) However, little objective data 
exists regarding the extent to which home address and shortest potential travel paths can be 
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used as a proxies for a broad range of environmental exposures that adolescent participants 
actually encounter during their daily activities, and what factors may influence the accuracy of 
these predictions. 
Our team showed that exposure levels at specific geographic point locations and 
moments in time may more accurately dictate risks for violence among youth.(C. C. Branas et al., 
2009; D. J. Wiebe, Blackstone, Mollen, Culyba, & Fein, 2011; Douglas J Wiebe et al., 2016) 
Granular GIS data allows for detailed examination of the impact of adult connection on how youth 
navigate their lives and offers a unique opportunity to evaluate how different methods for defining 
environmental exposures may impact on exposure classification. It also offers the opportunity to 
examine novel methods for assessing actual travel paths compared to shortest potential travel 
paths to better understand if youth may be going out of their way to avoid risk factors for violence. 
Employing a moment to moment analysis of lived activities to define environmental exposure is 
key to measuring with accuracy ways that adult connection may uniquely operate to decrease risk 
exposure across adolescence. Advancing our understanding of potential operative mechanisms 
is essential for identification of targets for interventions designed to bolster adult connection.  
This dissertation situates the highly dynamic cognitive and psychosocial developmental 
changes throughout adolescence within the context of social supports and the built environment. 
Cognitive development involves neurobiological maturation, wherein limbic projections develop 
before prefrontal control regions, which may affect impulsivity.(Blakemore & Choudhury, 2006; 
Casey & Jones, 2010; Casey, Jones, & Hare, 2008; Steinberg, 2008) Through cognitive 
maturation, adolescents develop improved abstract reasoning(Piaget, 1972) and refinement of 
cognitive processing,(Gerrard, Gibbons, Houlihan, Stock, & Pomery, 2008) both of which are 
important for risk assessment.(Millstein & Halpern-Felsher, 2002) Most research suggests age-
related increases in risk identification, and some hypothesize a reciprocal relationship between 
risk assessment and experience.(Halpern-Felsher et al., 2002; Keating & Halpern-Felsher, 2008; 
Millstein & Halpern-Felsher, 2002; Morrell, Song, & Halpern-Felsher, 2010)  
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Our understanding of adolescent psychosocial development is informed by 
Bronfenbrenner’s ecological systems theory, wherein development must be understood within a 
larger context, and interactions between individuals, families, and neighborhoods shape 
development(Urie Bronfenbrenner, 1977; U. Bronfenbrenner, 1979; Urie Bronfenbrenner, 1986) 
and is further guided by Spencer’s phenomenological variant of ecological systems theory, which 
suggests heightened importance of feedback from the socio-cultural environment on self-
perception and behavior for historically marginalized populations.(Spencer, Dupree, & Hartmann, 
1997; Spencer & Spencer, 2014; Spencer & Swanson, 2013; Swanson et al., 2003) According to 
relational developmental systems models, adolescent-adult relationships fundamentally shape 
adolescent developmental trajectories.(Collins, 2006) Although relationships change over the life 
course, most acknowledge the underlying connection and its saliency for positive youth 
development persist across adolescence; but considerable theoretical debate centers on the 
degree to which relationships change during this period.(Laursen & Collins, 2009) Under 
attachment theory, strong emotional ties maintain fundamental relationship quality over 
time(Ainsworth, 1989; Burton, Halpern-Felsher, Rankin, Rehm, & Humphreys, 2011; Carlivati, 
2007) whereas maturation-focused theories suggest that alterations in cognition, affect, and 
interaction lead to differential characterization and influence of adult relationships across 
adolescence.(Laursen & Collins, 2009) The current analyses create the opportunity to examine 
both relationship theories by assessing whether the nature of youth characterizations of family 
relationships, and their associations with assault injury, varies across ages 10-24. This approach 
allows for identification of target age ranges at which time adolescent-adult connections might be 
most salient for violence prevention.  
Using multifaceted measures of adult connection, examining objective data on violent 
assault, and exploring mechanisms underlying these associations may aid in identifying 
opportunities for intervention. Healthy People 2020 identifies the following Adolescent Health 
objectives: 1) “increase the proportion of adolescents who are connected to a parent or other 
positive adult caregiver” and 2) “reduce adolescent and young adult perpetration of, and 
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victimization by, crimes.”(U.S. Department of Health and Human Services. Office of Disease 
Prevention and Health Promotion, Accessed [10 June 2014])  
Given its protective link with myriad health outcomes, adult connection is an attractive 
area for intervention. Research suggests that adult connection may play a crucial role in strength-
based interventions.(Hale, Fitzgerald-Yau, & Viner, 2014; J. Li & Julian, 2012; Shlafer, McMorris, 
Sieving, & Gower, 2013) Recent work has demonstrated that interventions simultaneously 
targeting both youth and parents can improve adolescent-adult communication.(Hale et al., 2014) 
While much of this work has focused on substance use and sexual risk, other effective 
interventions have also targeted aggression and delinquency. The Family Matters Program, a 
family-based intervention for 12-14 year olds and their parents that included materials to foster 
communication between parents and youth around substance use, found significant reductions in 
adolescent tobacco and alcohol use.(Bauman et al., 2002) The EcoFIT Program, implemented in 
low-income ethnically diverse middle schools, created family resource centers to promote positive 
parenting practices and improve adolescent-adult relationships and found significant reductions in 
antisocial behavior (including physical aggression) and substance use; youth whose parents 
participated in intensive communication skills-building and adolescent-adult relationship 
assessment showed the largest protective effects.(Stormshak et al., 2011) Results from these 
and other programs suggest two important findings: 1) connections may be modifiable and 2) 
bolstering connection may be associated with improved health outcomes.  
Research examining the impact of natural mentors, defined as adults outside the nuclear 
family (e.g. extended family, teachers, counselors, coaches, physicians), also suggests that 
programs that help youth identify additional non-parental supports can help promote positive 
outcomes among both general adolescent and marginalized populations.(DuBois & Silverthorn, 
2005a; Greeson, Usher, & Grinstein-Weiss, 2010) Coaching Boys Into Men, an athletic coach-
delivered prevention program to reduce adolescent relationship abuse (ARA), has shown short-
term changes in intention to intervene in ARA and longer-term reductions in perpetration of dating 
violence.(E. Miller et al., 2013; E. Miller et al., 2012) Interviews with coaches demonstrated that 
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those in the intervention arm felt more comfortable intervening, and spent more time discussing 
dating violence with athletes.(Jaime et al., 2015)  Through Coaching Boys Into Men, existing 
coach-athlete relationships were leveraged and strengthened to reduce adolescent relationship 
abuse. The programs highlighted here demonstrate the feasibility and potential utility of designing 
interventions to promote adolescent-adult relationships. However, to the best of our knowledge, 
no programs currently target adolescent-adult connection in order to reduce violent victimization. 
This dissertation provides insight into potential mechanisms through which adult connection may 
reduce youth violence and lays the foundation for future evidence-informed intervention efforts.  
 This dissertation leverages data from a recent population-based case control study 
(R01AA014944) that enrolled adolescent gunshot and non-gunshot assault-injured patients as 
cases and community-based adolescents as controls. That innovative study mapped in detail the 
travel paths of each adolescent’s daily activities to enable research into individual and 
environmental risk factors for assault. Using this unique opportunity, we measured the nature of 
adolescent-adult connection, assault injury, and neighborhood exposure with more accuracy than 
achieved in past studies to overcome the limitations outlined above. In the second chapter, we 
assess whether the presence of positive adult connection, defined by brief structured questions, 
is associated with assault injury among adolescent males. We also assess whether adolescent 
characterizations of relationships with key adult family members are associated with assault 
injury. In the third chapter, we evaluate the impact of conventional versus novel techniques for 
measuring environmental exposures and propose an innovative method for using activity path 
data to construct spatial counterfactuals. In the fourth chapter, we apply these conventional and 
novel spatial methods to examine a potential mechanism through which adult connection may 
protect youth by assessing whether an adult connection is associated with differential exposure to 
neighborhood risk and protective factors over the course of daily activities. In the final chapter, we 
summarize conclusions and limitations related to the analyses and focus on future directions for 
research and interventions designed to safeguard youth in low resource urban environments.  
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CHAPTER 2: Role of adult connection in assault injury prevention among 
male youth in low-resource urban environments 
 
 
INTRODUCTION 
Homicide is the leading cause of death among African American adolescent males, with youth in 
low-resource urban neighborhoods bearing a disproportionate burden related to violent 
victimization.(Centers for Disease Control and Prevention; Centers for Disease Control and 
Prevention.  National Center for Injury Prevention and Control) Among a sample of 13 to 17 year-
old adolescents residing in an urban neighborhood, 16% reported being jumped and 13% 
reported someone pulling a weapon on them within the past year.(Hardaway et al., 2012) Rates 
were similarly high among a sample of youth in Philadelphia, wherein 54% reported direct violent 
victimization, 40% reported being beaten up, and 5% reported being shot during their 
lifetime.(McDonald et al., 2011)  While, historically, most interpersonal violence prevention 
research has focused on identifying and eliminating risk factors for violence exposure, more 
recent work demonstrates the importance of strengths-based strategies to protect adolescents 
from violence.(Losel & Farrington, 2012) 
Adolescent-adult relationships, both within family networks and with adult mentors, 
promote healthy adolescent development and are associated with lower levels of violence 
involvement among adolescents.(DuBois & Silverthorn, 2005b; Fergus & Zimmerman, 2005; 
Henrich et al., 2005; Lerner, Lerner, von Eye, Bowers, & Lewin-Bizan, 2011; Resnick et al., 1997; 
Resnick et al., 2004; Viner et al., 2012) Research examining the role of adult connection in 
violence prevention among youth in under-resourced urban neighborhoods has relied on self-
reported violence exposure and suggests that families struggle to protect youth in these 
contexts.(Gorman-Smith & Tolan, 1998; Houltberg et al., 2012; L. S. Miller et al., 1999) However, 
other research suggests a potential relationship between family functioning and exposure to 
community violence (Gorman-Smith et al., 2004) as well as between family support and lower 
levels of direct violence involvement (Culyba AJ et al., Available online in advance of print April 
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2016) and improved adjustment.(Vazsonyi et al., 2006) Given the disproportionate burden of 
violence experienced by youth living in low-resource urban communities, further study of the 
potentially protective role of adolescent-adult relationships is warranted. This study, to the best of 
our knowledge, is the first to use objective measures of assault injury to examine associations 
between supportive adult connections and violent victimization among male youth in low-resource 
neighborhoods. 
 
METHODS 
Overview 
We conducted a population-based case-control study among adolescent males, ages 10-24, to 
determine associations between adolescent-adult connections and assault injury.  
 
Participants 
Case participants were adolescent males between the ages of 10 and 24 who sustained an injury 
from interpersonal violence. The cases were recruited from two adjacent Level I trauma centers in 
Philadelphia, PA into two case participant groups based on injury type: 1) gunshot injury, 2) non-
gunshot injury (e.g. fracture, laceration) from 2007-2011. Adolescent male controls were recruited 
using random digit dial from residences in the 12 zip codes accounting for the homes of case 
subjects(Hartge et al., 1984; Perneger, Myers, Klag, & Whelton, 1993; Waksberg, 1978), and 
were matched to gunshot cases on age group (10-14, 15-17, 18-24) and race. The response rate 
for controls (52.8%) was similar to other contemporaneous random-sample surveys and 
suggested enrollment of a reasonably representative sample from the 12 zip codes that gave rise 
to the cases.(Baruch & Holtom, 2008; Groves, 2006) Female youth were excluded due to low 
prevalence of female gunshot injury victims at the study sites.(Nance, Branas, Stafford, 
Richmond, & Schwab, 2003) 
Study participants were enrolled using written informed consent for those age 18 or 
greater, and participant assent with parental permission for minors. Other design considerations 
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were previously described in detail.(Basta et al., 2010; Douglas J Wiebe et al., 2016) The study 
was approved by the Institutional Review Boards of the University of Pennsylvania and The 
Children’s Hospital of Philadelphia.  
 
Data source 
All participants underwent a structured in-person interview led by a trained research coordinator 
about previous violence exposure, school performance, adult and peer connections, and 
substance use. Interviews were conducted in a research office, in the hospital, or participants’ 
homes based on participant preference. 
 
Measuring connections 
Adolescent-adult connections were defined using two distinct approaches. First, positive adult 
connection was defined by answering two questions affirmatively: “there are adults in my life that I 
look up to” and “there are adults in my life that I can go to that help me handle tough situations.” 
Motivated by prior research demonstrating the importance of both family and external supports 
(DuBois & Silverthorn, 2005b; Resnick et al., 1997), these two questions were chosen to broadly 
and succinctly capture connections both within the family and with other supportive adults. 
Second, youth created detailed genograms to specifically characterize the nature of relationships 
with adult family members who play an important role in their lives. They used a constellation of 
pre-specified and participant-generated terms to define relationships (e.g. verbal fighting, 
supportive, “always there for me”). Relationships were subsequently divided into two categories: 
supportive and unsupportive/mixed based on the constellation of terms reported by youth. 
Supportive adult familial connection and supportive parental connection were defined by the 
presence of ≥1 supportive adult family member and by the presence of ≥1 supportive parent, 
respectively, in family genograms.  
 
Statistical analysis 
13 
 
Gun assault and non-gun assault cases were separately compared to controls using conditional 
logistic regression to account for matching controls to cases on age-group strata during 
enrollment.(Greenland, 1986; King & Zeng, 2002) We modeled crude and adjusted associations 
between: 1) positive adult connection, 2) supportive adult familial connection, and 3) supportive 
parental connection, and assault injury. Adjusted models were stratified on level of self-reported 
previous violence involvement, as defined by 7 questions (e.g. “have you ever been jumped?”) 
(low: ≤3 vs. high:>3) due to presence of effect modification. Additionally, guided by adolescent-
adult relationships theories, which suggest that the nature of adult relationships and their impact 
on behavior may change across adolescence, we also examined whether associations between 
adult connections and violent injury varied by participant age. We found no evidence of effect 
modification by age at the p<0.1 level. We additionally tested for residual confounding by age due 
to remaining variability within age-matched strata and found no evidence of residual confounding 
after accounting for age-group matching through conditional logistic regression. Thus, both age-
related variables were excluded from the final models. Additional individual-level variables were 
assessed for evidence of confounding. We entered covariates into the multivariable model with 
bivariate p<0.25 and retained those with p<0.25 in the adjusted model, or if removing them 
altered the odds ratios of interest by >10% in either the gun assault or non-gun assault 
analyses.(Hosmer DW, 2013) Analyses adjusted for school enrollment, perceived school safety 
(low/high), involvement in organized activities (yes/no), current employment (yes/no), alcohol use 
(any lifetime history of use), history of probation (yes/no), and perceived neighborhood disarray 
(continuous, range 0-20) (Neighborhood Environment Scale).  
Propensity scores were used to efficiently control for multiple features of the participants’ 
neighborhood context, as defined by home address (median household income, % 
unemployment, % college-educated, racial and ethnic composition, population density, crimes per 
square mile, alcohol outlet density, vacant properties, municipal services, and collective efficacy) 
using data from the 2010 US Census(Census), the Philadelphia Police Department, the 
University of Pennsylvania Cartographic Modeling Lab, and the Philadelphia Health Management 
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Corporation’s Southeastern Pennsylvania Household Survey (PMHC). Propensity score quartiles 
were included as a categorical covariate in adjusted models. Missing data (0-7%) was managed 
with multiple imputation (m=20). Final adjusted models were tested for collinearity and variance 
inflation factors were <2.5 in all instances. Statistical tests were 2-tailed and p<0.05 was used as 
the significance threshold. Analyses were conducted using STATA version 13.0 (College Station, 
TX). 
We conducted sensitivity analyses to assess the potential impact of misclassification bias 
on our observed associations between adolescent-adult connections and assault injury.(Fox, 
Lash, & Greenland, 2005; Lyles & Lin, 2010) We were particularly focused on whether data 
collection methods inherent to case control studies, wherein cases were interviewed immediately 
following an assault injury, may have impacted perceptions of adolescent-adult support. To 
accomplish this, we purposely recoded the exposure status of case participants who identified 
positive adult connection, supportive adult familial connection, and/or supportive parental 
connection to not having identified these supports. We varied the percent recoded from 5-40% (in 
5% increments) across each of the three measures of adolescent-adult connection and then re-
ran our models to assess the impact of misclassification on the odds ratios. For each percent 
misclassification, we ran 100 boostrapped samples and then averaged the results to produce 
mean biased odds ratios. 
 
RESULTS 
Characteristics of participants 
We enrolled 143 gun assault-injured case participants, 206 non-gun assault-injured case 
participants, and 283 control participants from 250, 396, and 486 eligible adolescent males who 
were recruited. Median participant age was 18.6 years for controls, 19.8 years for gun assault-
injured cases, and 15.8 years for non-gun assault-injured cases. The majority of participants were 
African American (99%, 97%, and 87%, respectively). Levels of prior violence involvement were 
similar across the case and control groups; all three groups reported a median 3 out of 7 possible 
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types of prior victimization/perpetration. Positive adult connection, as measured through 2 
interview questions, was common among all three groups (86% of controls, 86% of gun cases, 
and 92% of non-gun cases). Additional individual and neighborhood contextual factors are 
summarized in Table 1. The home address locations of case and control participants, depicted in 
Figure 3, which have been randomly jittered to protect confidentiality, demonstrate excellent 
geographical overlap between case and control participants, as expected with population-based 
sampling from the 12 selected zip codes. 
 
Association between positive adult connection and assault injury 
As previously noted, results differed based on level of prior violence involvement, and thus were 
stratified by high versus low prior violence involvement. In adjusted models, there were no 
significant associations between positive adult connection, as defined by brief survey questions, 
and gunshot assault injury (GSW OR=2.46; 95%CI 0.34, 7.49) or non-gun assault injury 
(OR=1.59; 95%CI 0.54, 4.67) among youth with high prior violence involvement.  Among youth 
with low prior violence involvement, the associations between positive adult connection and 
gunshot assault injury (OR=0.92; 95%CI 0.34, 2.44) and non-gun assault injury (OR=1.96; 95%CI 
0.73, 5.28) also did not reach statistical significance in adjusted models (Table 2). 
 
Association between supportive adult familial connection and assault injury 
Among youth with high prior violence involvement, when adult family connections were defined by 
participant characterizations of relationships in family genograms, reporting at least one 
supportive adult family member was associated with higher odds of gunshot assault injury 
(OR=4.01; 95%CI 1.36, 11.80) and non-gun assault injury (OR=4.22; 95%CI 1.48, 12.04). Among 
youth with low prior violence involvement, there were no significant associations between 
reporting a supportive relationship with at least one adult family member and the odds of gunshot 
assault injury (OR=1.43; 95%CI 0.53, 3.86) or non-gun assault injury (OR=1.19; 95%CI 0.55, 
2.55) (Table 2).   
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Association between supportive parental connection and assault injury 
Among youth with high prior violence involvement, significant direct associations between 
reporting at least one supportive parent and gunshot assault injury (OR=3.00; 95%CI 1.01, 8.95) 
and non-gun assault injury (OR=2.86; 95%CI 1.02, 7.97) emerged.  Among youth with low prior 
violence involvement, there were no significant associations between the odds of gunshot assault 
injury (OR=1.19; 95%CI 0.46, 3.06) or non-gun assault injury (OR=1.21, 95%CI 0.58, 2.53) and 
reporting a supportive relationship with at least one parent (Table 2).   
 
Sensitivity analysis 
Among youth with low prior violence involvement, randomly recoding 5% of case participants who 
identified connections to not having these connections resulted in all mean biased odds ratios of 
the associations between adult connections and gun-assault and non-gun assault being less than 
1 (Table 3). Among youth with high prior violence involvement, higher percentages of random 
misclassification were required before mean biased odds ratios were less than 1. The mean 
biased odds ratio of the association between positive adult connection and gunshot assault injury 
was <1 when 15% of case connections were recoded as negative and between positive adult 
connection and non-gun assault injury when 10% were recoded. For the presence of supportive 
adult familial connection, 30% exposure miscoding was required before mean biased odds ratios 
were less than 1 for both gun-assault injury and non-gun assault injury. Similar findings were 
obtained between the presence of supportive parental connection and gun-assault and non-gun 
assault injury when 20% of cases were recoded as not having supportive parental connections.  
 
DISCUSSION 
In a sample of male youth living in low-resource neighborhoods in Philadelphia, we found no 
significant associations between adult connection, measured through brief survey questions or 
detailed family genograms, and gun-assault or non-gun assault injury among youth with low prior 
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violence involvement. However, findings differed among youth who reported high levels of prior 
violence involvement. Among youth with high prior violence involvement, those who reported 
supportive relationships with at least one adult family member and those who reported supportive 
relationships with at least one parent had increased odds of gun-assault and non-gun assault 
injury. Sensitivity analyses revealed that a relatively small degree of exposure misclassification 
among cases could explain the observed findings.  
Thus, we were unable to demonstrate that positive adult and family connections 
protected youth from objectively-measured assault injury in this highly under-resourced 
environment.  Our own prior work with control participants from the current study demonstrated 
significant protective associations between positive adult connection and self-reported violence 
involvement and witnessing, as well as between supportive adult familial connection and self-
reported violence involvement.(Culyba AJ et al., 2016; Culyba AJ et al., Available online in 
advance of print April 2016) However, the current findings are in keeping with other prior 
literature, which demonstrates that families often struggle to protect youth in the context of high 
levels of community violence.(Gorman-Smith & Tolan, 1998; Houltberg et al., 2012; L. S. Miller et 
al., 1999) The current work extends prior knowledge by assessing objective measures of assault 
injury, rather than self-reported measures. The fact that results differ markedly across these 
studies and based on whether self-reported or objectively-measured outcomes are utilized 
highlights the need for research that employs a diversity of rigorous methods to better understand 
the nuanced associations between adult connections and violence in low-resource 
neighborhoods.  
In the immediate post-injury period, assault-injured youth, particularly those with high 
prior violence involvement, reported high levels of adult connection and family support. We 
hypothesize that assault injury triggered families’ focused attention and protective mechanisms 
which enhanced these youths' sense of family connection.  This suggests that the post-injury 
period presents a critical opportunity for intervention resources to recognize, enhance, and 
sustain these connections in efforts to explore how they can better safeguard youth.  One 
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promising model of intervention is through hospital-based violence intervention programs (HVIP). 
These programs focus on engaging youth in the immediate post-injury period to reduce rates of 
re-injury and recidivism. In HVIP Programs, interdisciplinary teams of physicians, case managers, 
social workers, psychologists, and community partners conduct comprehensive assessments, 
provide individualized case management, and assist with navigation to services. Research 
suggests such interventions can reduce future violence involvement and improve self-
efficacy.(Aboutanos et al., 2011; Becker, Hall, Ursic, Jain, & Calhoun, 2004; Cheng et al., 2008; 
Shibru et al., 2007; Zun, Downey, & Rosen, 2006) Specifically engaging with families through VIP 
programs to promote and enhance adolescent-adult connections during the immediate post-injury 
period may play a critical role in reducing the consequences of violence exposure and promoting 
pro-social development.  
While families play a critical role in supporting and safeguarding youth, these findings 
also argue for a need for broad interventions designed to address environmental contextual 
factors that put youth in low-resource neighborhoods at high risk for violence 
victimization.(Culyba et al., 2016; Gorman-Smith D, 2013-2014; Viner et al., 2012) Low-cost 
placed-based interventions have been associated with decreases in violent crime and may be a 
critical part of a multi-faceted approach to combating youth violence.(C. C. Branas et al., 2011; 
Charles C. Branas et al., 2016; Garvin, Cannuscio, & Branas, 2013; Kondo, Hohl, Han, & Branas, 
2015; MacDonald, Golinelli, Stokes, & Bluthenthal, 2010) Understanding the joint role of family-
focused and place-based interventions may provide critical opportunities to prevent violent 
injuries in these contexts.  
 
LIMITATIONS AND STRENGTHS 
The current study has several limitations. Nonparticipation bias among cases and/or controls 
could impact results. Additionally, despite use of rigorous methods to ensure population-based 
sampling of controls from the same 12 zip codes that gave rise to the cases, selection bias is 
nonetheless possible. We controlled for multiple potential confounders at the individual and 
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neighborhood contextual levels. However, as with all observational research, the potential for bias 
due to unmeasured confounding remains. Measuring adolescent-adult relationships during a 
single in-person interview may not accurately capture the dynamic nature of these relationships. 
As discussed above, asking youth to reflect on their perceptions of adult support immediately 
following a violent injury may also fundamentally alter youth perception among case participants. 
It is possible that families rally to aid injured youth, and that the high levels of family support 
reflect fundamental shifts in relationships in the immediate post-injury period. Our sensitivity 
analyses suggest that even somewhat small changes in relationships classifications could alter 
our observed findings. Finally, case controls studies are observational, and observed 
associations should not be interpreted as causal. 
 Key strengths of this study include a population-based case control design and multiple 
different measures of adolescent-adult connections. To the best of our knowledge, this is the first 
study to utilize objective measures of assault injury to study associations between adolescent-
adult connections and violent injury among youth in low-resource neighborhoods.  
 
CONCLUSION 
Male youth in low-resource urban neighborhoods bear a disproportionate burden of violent injury. 
Using a population-based case control design, this is the first study to examine associations 
between adolescent-adult connections and objective measures of assault injury. Among youth 
with low prior violence involvement, there were no significant associations between adult 
connections and violent injury. Among youth with high prior violence involvement, significant 
direct associations between supportive family and gun-assault and non-gun assault injury 
emerged. High levels of family connection in the immediate post-injury period may offer 
opportunities to recognize, enhance and sustain these connections as part of a multi-faceted 
approach to safeguard youth.  
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CHAPTER 3: Comparing novel to conventional methods for defining 
environmental exposures using granular spatial data 
 
INTRODUCTION 
A growing body of research suggests that where people live and the places in which people 
spend time may have important impacts on a broad range of health outcomes. In contrast to 
health predictors such as blood pressure or cholesterol, for which there are clear and objective 
measurement guidelines, no consensus exists for how best to measure environmental 
exposures.(O’Campo, 2003) Failure to appropriately define environmental exposures may lead to 
misclassification bias, which can impact on the ability to detect meaningful associations between 
the environment and heath, and can also result in spurious findings (Flowerdew et al., 2008; A. T. 
Geronimus, 2006; Gilliland et al., 2005; Holt, Steel, & Tranmer, 1996; Lam et al., 2013). In many 
instances, due to budgetary and feasibility limitations, investigators define environmental 
exposures based on participant home address (D. T. Duncan et al., 2013; D. T. Duncan et al., 
2014). Other more nuanced analyses focus on trips between home and destinations to more 
accurately capture environmental exposures using spatial modeling techniques (Lam et al., 
2013).  These complex spatial models tend to assess the model’s ability to explain associations 
between single environmental exposures and single health outcomes, with much of this research 
being conducted related to exposure to environmental pollutants and cardiorespiratory outcomes 
and exposure to intersections and pedestrian injury outcomes, predominantly among adult 
populations.(Lam et al., 2013; Xue et al., 2009; Yao et al., 2015)  
Many of these exposure modeling techniques rely on the assumption that participants will 
select the shortest potential travel route between a given origin and destination, or that 
participants are equally likely to select from among available routes based on distance and time 
constraints.(Lam et al., 2013; Xue et al., 2009; Yao et al., 2015) However, other work suggests 
that pedestrians select walking paths based on a complex constellation of factors, which 
ultimately affect their actual walking paths.(Guo & Loo, 2013; Millward et al., 2013) Current 
modeling techniques are unable to fully account for these complex decision-making inputs, and 
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thus remain vulnerable to misclassification.(M. J. Duncan & Mummery, 2007; Xue et al., 2009) 
Even less is known about how travel decision-making may operate among adolescents, and the 
role that adolescent cognitive and psychosocial development may play in travel risk assessment 
and decision-making.(Gerrard et al., 2008; Halpern-Felsher et al., 2002; Keating & Halpern-
Felsher, 2008; Millstein & Halpern-Felsher, 2002; Morrell et al., 2010; Piaget, 1972) Little 
objective data exists regarding the extent to which home address and shortest potential travel 
paths can be used as a proxies for a broad range of environmental exposures that adolescents 
actually encounter during their daily activities, and what factors may influence the accuracy of 
these predictions. 
 The majority of research that examines the impact of the environment on health relies on 
observational data because randomized experiments often prove unfeasible or unethical. 
However, this limits our ability to draw causal inference from study findings, which are perpetually 
plagued by the possibility that findings may be due to unmeasured confounding. Researchers 
have historically employed propensity scores and sensitivity analyses as “proxy counterfactuals” 
to combat these methodological weaknesses, but these remain vulnerable to unmeasured 
confounding.(Harding, xa, & J, 2003) Methods for assessing spatial counterfactuals using 
observational data are urgently needed. 
 The current study uses data from a population-based case control study of daily activities 
and assault injury to examine the implications related to using conventional versus innovative 
approaches to measuring environmental exposures that pose risks for violence among 
adolescents. It additionally introduces a novel method for defining spatial counterfactuals by 
comparing environmental exposures along actual travel paths selected by youth to exposures 
that would have accrued had participants chosen to travel the shortest routes to their 
destinations. 
 
METHODS 
Overview of Data Source 
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This study utilized data from control participants in the Space-Time Adolescent Risk Study 
(STARS), a population-based case control study of daily activities and assault. That study 
recruited as cases 10 to 24 year-old males who presented to the Emergency Departments of 
adjacent pediatric and adult level I trauma centers with gun-assault and non-gun assault related 
injuries from 2007-2011. Control participants were recruited using random digit dial in the 12 zip 
codes that account for the hospitals’ catchment area to achieve population-based sampling and 
matched on age group strata (10-14, 15-17, 18-24), race, and sex.(Hartge et al., 1984; Perneger 
et al., 1993; Waksberg, 1978) Participants completed structured in-person interviews to gather 
information on previous violence involvement, school performance, substance use, perceptions of 
neighborhood disadvantage and disarray (Neighborhood Environment Scale) and violence 
exposure (Things I Have Seen and Heard Scale). During the interview, the study coordinator 
collected a detailed record of each participant’s daily activities. For control participants, this 
involved recounting details for a recent day (within 3 days of the interview, randomly assigned) 
from the moment they woke up until the moment they went to sleep. The study coordinator sat 
side-by-side with the participant to enter the detailed report into a customized geographic 
information system application specifically designed for the research study. The path data 
included a minute-by-minute account of where participants were, what they were doing, their 
mode of transit, how safe they felt, and who they were with. Additional details related to study 
design and activity path data collection have been previously reported.(Douglas J Wiebe et al., 
2016) The study was approved by the Institutional Review Boards of the University of 
Pennsylvania and The Children’s Hospital of Philadelphia.  
 
Measuring Environmental Exposures 
Home Address-Based Measurement 
We gathered data on 27 environmental variables of interest from 2010 Census data (median 
household income, per capita income, unemployment, college education, racial and ethnic 
composition, population density, adolescent population density, household alcohol expenditures), 
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the City of Philadelphia (fire stations, police stations, recreation department facilities), the 
Pennsylvania Liquor Board (alcohol outlets), the Department of Education (truancy rate), the 
Philadelphia Health Management Corporation’s Southeastern Pennsylvania Household Survey 
(PMHC) (measures of collective efficacy), and the University of Pennsylvania Cartographic 
Modeling Lab (CML) (vacant properties, vandalism, disorderly conduct, public drunkenness, 
narcotics arrests, murals). Whereas administrative boundaries such as census tracts and zip 
codes may not represent the geographic scale best suited for studying environmental effects, (A. 
T. Geronimus, 2006; Holt et al., 1996) the use of inverse distance weighting and kernel density 
measures, which are continuous and boundary-free, avoids inappropriate aggregation 
effects.(Goodchild, Longley, Maguire, & Rhind, 2005)  Participants were thus assigned unique 
exposure measures to each of the 27 environmental variables of interest based on their home 
address locations and the magnitude of the environmental factors surrounding their home 
address using inverse distance weighting (Census, PHMC) and kernel density (City of 
Philadelphia, Pennsylvania Liquor Board, Department of Education, CML) calculations based on 
default bandwidths in ArcGIS.(Tomlin, 1990)  
Activity Path-Based Measurement 
Participants’ detailed minute-by-minute activity paths were overlaid on the Philadelphia landscape 
to calculate environmental exposures encountered in the context of daily activities. Using the 
same inverse distance weighting and kernel density methods described above, we assigned 
unique exposures to each of the 27 environmental variables based on the latitude and longitude 
of each activity path point. We subsequently calculated the mean exposure to each 
environmental feature across the participants’ entire reported path by dividing the sum of all 
exposure point values by the number of path points. We performed analogous calculations to 
calculate the mean exposure over the first 6 hours and the first 12 hours of the activity paths.  
Trip-Path Based Measurement 
In order to explore novel methods related to the creation of spatial counterfactuals, we divided 
participant activity paths into a series of origins and destinations (e.g. the activity path from home 
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to school, the path from school to a friends’ house, the path from a friends’ house to a restaurant). 
Thus, a trip was defined by an origin, the intervening travel points, and a destination. To 
accomplish this, we first used participant free-text descriptors to identify time-points at which 
participants switched activities (e.g. “getting ready for school” followed by “walking to school”) to 
define a trip. From here, we eliminated any trips that included only 1 row of data, as they 
represented activities that occurred for less than 1 minute and did not involve both an origin and a 
destination.  We next eliminated any trips that traversed less than 10 feet, as these represented 
very little geographic movement and were unlikely to reflect trips with multiple possible routes to 
choose from. Because adolescents have the most personal agency in selecting a travel path 
while using self-powered modes of transit (as opposed to pre-determined public transit routes, or 
when they are passengers in vehicles), we limited the trip-path analyses to trips that occurred 
using ≥90% self-powered modes of transit (on foot, bicycle). 
We input the trip path minute-by-minute location data into ArcGIS 10.3.1. For actual 
paths, we included the origin, all intervening path points, and the destination. To calculate 
shortest potential travel paths, we included only the origin and destination. We then used the 
ArcGIS Network Analyst feature with the NAVTEQ StreetMap Premium for ArcGIS – 2012 map 
layer to calculate the shortest possible walking route between each origin and destination. We 
selected the NAVTEQ StreetMap due to the presence of sophisticated features that allowed us to 
specify routes where pedestrians were allowed to walk (i.e. no highways would be included in the 
shortest potential travel path). We then created buffers around the actual trip paths and shortest 
potential trip paths. We used two distance buffers: 1) 60ft buffers to reflect exposure to 
environmental features on either side of the street that participants walked down and 2) 660ft 
buffers to capture exposures within a city block of each trip path.  
 We subsequently calculated measures of exposure to environmental features along the 
actual trip paths and the shortest potential trip paths. For environmental features for which we 
had point-based data (vandalism, narcotics arrests, disorderly conduct, public drunkenness, 
alcohol outlets, vacant properties, recreation centers, and murals), we used ArcGIS to calculate 
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the sum of the points that intersected each 60ft and 660ft buffered trip path to reflect the 
cumulative exposure to each factor during the actual trip paths and shortest potential trip paths. 
We also calculated the exposure per 1,000ft traversed to account for variability in trip path length 
and create a measure of exposure density along each actual trip path and shortest potential trip 
path, which we postulated was the most clinically relevant measure of exposure. For 
environmental features for which we had polygon-based data (Census, PHMC), we calculated a 
mean exposure across all of the polygons that a trip path traversed. For example, if a particular 
trip path traversed three different census tracts, we calculated the mean unemployment rate 
across all three census tracts and ascribed that value to the trip path. We performed exposure 
calculations using both the 60ft and 660ft buffered paths.  
 
Statistical Analysis 
Because of concerns that the differences between the proposed measurement approaches may 
vary based on where participants reside, we divided the participants into those living in 
neighborhoods with low median household income and those living in neighborhoods with high 
median household income. We used the median of the median household income of control 
participants’ home addresses to divide the groups. Of note, because the sample of control 
participants was recruited to reflect the source population that gave rise to the assault-injured 
cases in the larger case control study, the control participant neighborhoods represent relatively 
poor neighborhoods compared to all of Philadelphia. For example, the population in the 12 zip 
code catchment area had a median household income in 2010 of $26,314, compared to $32,248 
across all of Philadelphia.(Census) 
 
Descriptive statistics 
We calculated means and standard deviations of all 27 environmental variables, stratified by 
participants living in areas with low versus high median household income. We first calculated 
this information based on participant home address. We calculated both absolute values in the 
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reported units of analysis, as well as standardized values calculated as z scores which, by 
definition, have a mean of zero and a standard deviation of one across the entire study sample of 
cases and controls. We subsequently calculated the mean exposure experienced over the daily 
activity paths (6hrs, 12 hours, and entire path) using z scores, stratified by participants with home 
addresses in low versus high income neighborhoods.  
 
Comparing home address-based measures to activity path-based measures 
We used ordinary least squares (OLS) regression to calculate how much of the actual 
environmental exposure accrued during daily activity could be explained by the home address-
based measurement. The independent variable in the crude regressions was the participant 
exposure as measured at the home address location. The dependent variable was the mean 
exposure experienced by each participant across his entire daily activity path. We generated 
scatterplots to visually display the relationship between these two methods of environmental 
exposure calculation and reported R squared for each regression model. All analyses were 
stratified based on low versus high median household income at the participants’ home 
addresses.  
 
Comparing actual trip paths and shortest potential trip paths 
Point-level data 
For each actual trip path and shortest potential trip path pairing, we calculated the different in the 
cumulative exposure to each of the point-level environmental exposures of interest by subtracting 
the actual trip path cumulative exposure from the shortest potential trip path exposure (difference 
in cumulative exposure). In doing so, any differences >0 represent instances in which the 
cumulative exposure along the shortest potential trip path exceeds the cumulative exposure along 
the actual trip path. We also calculated the difference in the exposure density between the actual 
trip path and the shortest potential trip path pairing by subtracting the actual trip path exposure 
per 1,000 feet traversed from the shortest potential trip path exposure per 1,000 feet traversed 
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(difference in exposure density). In doing so, any differences >0 represent instances in which the 
exposure density along the shortest potential trip path exceeds the exposure density along the 
actual trip path. Differences in cumulative exposure and exposure density were calculated using 
both the 60ft and 660ft buffers.  
 Data were analyzed at the subject level. We calculated the mean difference in cumulative 
exposure and exposure density across each participant’s trip paths wherein the difference values 
across all of a given participant’s trips were averaged such that all trips contributed equally to the 
mean calculation. This resulted in each study participant having a single value for the cumulative 
exposure difference and another value for the exposure density difference at each distance buffer 
(60ft and 660ft). We calculated regression coefficients, 95% confidence intervals, and p values for 
intercept-only models for each point-level environmental variable using OLS regression. 
Instances in which the 95%CI does not include 0 demonstrate statistically significant evidence of 
differences between the actual trip path exposure and the shortest potential trip path exposure at 
the p<0.05 level. We additionally ran a trip-level analysis using the individual trip pairs as the unit 
of analysis, rather than the subject as the unit of analysis. In these models, we used xtreg and 
accounted for clustering of trips within study participants. After excluding several outliers with trip 
numbers >2 standard deviations above the mean, results were identical to the subject-level 
analysis (data not shown). All analyses were stratified by low versus high median household 
income at home address.  
Polygon-level data 
For each actual trip path and shortest potential trip path pairing, we calculated the difference in 
the mean exposure to each of the polygon-level environmental exposures of interest by 
subtracting the actual trip path mean exposure from the shortest potential trip path mean 
exposure (difference in mean exposure) using both the 60ft and 660ft buffers. In doing so, any 
differences >0 represent instances in which the mean exposure along the shortest potential trip 
path exceeds the mean exposure along the actual trip path. Analyses were again conducted at 
the subject level by averaging all of the trip-level differences to get a single mean of the difference 
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in mean exposures for each subject. We calculated regression coefficients, 95% confidence 
intervals, and p values for intercept-only models for each polygon-level environmental variable 
using OLS regression. All analyses were stratified by low versus high median household income 
at home address.  
All analyses were conducted using STATAv13 (College Station, TX). Tests of statistical 
significance were two-tailed and p<0.05 was used as the threshold for significance.  
 
RESULTS 
Characteristics of participants 
We enrolled 283 adolescent male control participants. Median participant age was 18.6 and 98% 
were African American (Table 4). Almost all youth less than 18 years of age and slightly less than 
half of youth ages 18 or older were currently enrolled in school and a third were currently working. 
Two thirds of youth reported lifetime alcohol use and slightly less than half reported lifetime 
marijuana use. Participants reported high levels of prior violence involvement and witnessing 
violence, as well as high levels of perceived neighborhood disadvantage and disarray. Three 
quarters endorsed ever changing their travel route based on safety concerns, with 18% doing so 
on a daily basis and an additional 20% doing so on a weekly basis.  
 
Characteristics of activity paths 
Of the 283 enrolled control participants, 274 provided detailed activity path data and comprised 
the activity path analysis sample. Median activity path duration was 7.6 hours (IQR: 3.8 -11.7). 
Median distance traversed across the entire activity path was 4.8 miles (IQR: 1.7-11.7). Activity 
paths were divided into series of origins and destinations to define trip paths (Figure 4). There 
were a total of 2,539 trip paths that covered more than 10 feet across all 274 participants. Of 
these, 1,590 trip paths involved ≥90% self-powered travel (on foot, bike), which comprised the trip 
path analysis sample. The median number of trips per participant was 7 (IQR: 4-11). Mean trip 
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path length was 0.47 miles (SD 1.51) and median trip path length was 0.19 miles (IQR: 0.08-
0.45).  
 
Environmental characteristics at home address 
Figure 5 depicts participants’ home address locations, which have been randomly jittered to 
protect confidentiality. Neighborhood median household income was $19,793 among participants 
living in areas of low median household income and $32,317 among participants living in areas of 
high median household income (Table 5). Unemployment rates were 97 and 67 per 1,000 
residents in the low versus high median household income neighborhood participant groups. 
Rates of residents with at least some college education were 172 per 1,000 for participants living 
in neighborhoods with low median household incomes and 254 per 1,000 for participants living in 
neighborhoods with high median household income. Narcotics arrests and vandalism rates based 
on home address location also differed between participants living in neighborhoods with low 
median household income (357 and 320, respectively) and those living in neighborhoods with 
high median household income (272 and 277, respectively).  
 
Environmental characteristics across daily activity paths 
We next calculated exposures experienced in the context of daily activities. Figure 6 depicts 
participants’ activity paths overlaid on the kernel density distribution of vandalism locations. In 
Figure 6, the concentration of vandalism varies widely across the Philadelphia landscape. 
Additionally, the overlaid activity paths demonstrate that participants traversed this variable 
exposure terrain in the context of their daily activities. Similar patterns emerged across the other 
26 environmental exposures of interest.  
Table 6 displays standardized mean exposures to each of the 27 environmental factors 
across the first 6 hours, first 12 hours, and entire activity path, stratified by participants living in 
neighborhoods with low median household income versus those living in neighborhoods with high 
median household income. Of note, among the participant group whose home addresses were 
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located in an area with low median household income, their mean exposures across the 6 hour, 
12 hour and entire daily activity paths were to locations with low median household income, low 
per capita income, low levels of college education, low population density, high truancy rates, 
high vandalism rates, high alcohol outlet density, and high concentrations of vacant properties, 
recreation centers, and police stations, as demonstrated by z score values. The opposite pattern 
emerged among the participant group whose home addresses were located in a neighborhood 
with high median household income. Among that participant group, their mean exposures across 
the 6 hour, 12 hour, and entire daily activity paths were to locations with high median household 
income, high per capita income, high levels of college education, high population density, low 
truancy rates, low vandalism rates, low alcohol outlet density, and low concentrations of vacant 
properties, recreation centers, and police stations, as demonstrated by z score values. Similar 
patterns emerged related to the collective efficacy variables. On average, the participant group 
whose home addresses were located in areas of low median household income spent time in 
locations with low levels of neighborhood improvement, neighborhood trust, and neighborhood 
participation, and high levels of stress and violence victimization whereas the opposite pattern 
emerged among the participant group whose home addresses were located in areas of high 
median household income.  
 
Comparing home address-based measures to activity path-based measures 
Figure 7 displays scatterplots of individual participant exposures to each of the 27 environmental 
features based on home address-defined measures versus individual activity path-defined 
measures, stratified by low versus high median household income at home address. R squared 
values reflect the degree to which home address exposures explain the environmental exposures 
experienced by youth in the context of their entire daily activity path. R squared values 
demonstrate variability across the 27 different environmental exposures, and across the two 
participant groups. Among participants living in areas of low median household income, R 
squared ranged from 0.05 for public drunkenness to 0.81 for per capita Hispanic population. 
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Among participants living in areas of high median household income, R square ranged from 0.16 
for population ages 15-24 and 0.72 for narcotics arrests. Regarding the measures of collective 
efficacy, R squared among those living in areas of low median household income ranged from 
0.71 to 0.81, whereas R squared ranged from 0.42 to 0.64 among those living in areas of high 
median household income.  
 
Comparing actual to shortest potential trip paths 
Among participants living in areas of low median household income, mean actual trip path length 
was 0.54 miles (SD 1.80) and median actual trip path length was 0.21 miles (IQR: 0.07-0.51). 
Among participants living in areas of high median household income mean actual trip path length 
was 0.39 miles (SD 1.00) and median actual trip path length was 0.18 miles (IQR: 0.08-0.41). 
Among participants living in areas of low median household income, mean shortest potential trip 
path length was 0.28 miles (SD 0.48) and median shortest potential trip path length was 0.13 
miles (IQR: 0.05-0.32). Among participants living in areas of high median household income, 
mean shortest potential trip path length was 0.24 miles (SD 0.33) and median shortest potential 
trip path length was 0.14 miles (IQR: 0.05-0.31). 
Figure 8 depicts actual trip paths and shortest potential trip paths overlaid on the location 
of narcotics arrests in 2008. As demonstrated in the figure, participants often selected trip paths 
that different from the shortest potential trip paths. There were statistically significant differences 
between the exposures accrued along actual trip paths compared to the shortest potential trip 
paths for several point-level variables (Table 7). Among participants living in areas of low median 
household income, cumulative exposure to vandalism, narcotics arrests, disorderly conduct, 
public drunkenness, alcohol outlets, vacant properties, and murals were all significantly higher 
along actual trip paths compared to shortest potential trip paths, as reflected by beta coefficients 
<0 when paths were compared using both 60ft and 660ft buffers. Cumulative exposure to 
recreation centers was significantly higher along actual trip paths using the 660ft buffer, but no 
statistically significant differences were present using the 60ft buffer. A different pattern emerged 
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in the calculations based on exposure density, as defined by differences in exposure per 1,000ft 
traversed. Relatively fewer differences in exposure density, which we postulate to be the more 
clinically meaningful exposure, reached statistical significance. However, exposure density was 
significantly higher along the shortest potential trip paths for vandalism, disorderly conduct, and 
public drunkenness using the 60ft buffer, and narcotics arrests using the 660ft buffer. The beta 
coefficients for alcohol outlets, vacant properties, and murals were also >0, demonstrating point 
estimates wherein exposure density was higher along the shortest potential trip path than the 
actual trip path using both 60ft and 660ft buffers, but these did not reach statistical significance.  
 Among participants living in areas of high median household income, cumulative 
exposure to vandalism, narcotics arrests, and alcohol outlets were all significantly higher along 
actual trip paths compared to shortest potential trip paths, as reflected by beta coefficients <0 
when paths were compared using both 60ft and 660ft buffers (Table 7). Cumulative exposure to 
disorderly conduct, vacant properties, and recreation centers was significantly higher along actual 
trip paths using the 660ft buffer, but no statistically significant differences were present using the 
60ft buffer. Cumulative exposure to murals was significantly higher along actual trip paths using 
the 60ft buffer only. However, exposure density also showed the opposite pattern among 
participants living in areas of high median household income. Exposure density was significantly 
higher along the shortest potential trip paths for vandalism, narcotics arrests, and vacant 
properties using both the 60ft and 660ft buffers and for disorderly conduct using the 660ft buffer. 
Beta coefficients for the differences in exposure density for public drunkenness, alcohol 
expenditures, recreation centers, and murals were all >0 using the 60ft and 660ft buffers, 
demonstrating point estimates wherein exposure density was higher along the shortest potential 
trip paths than the actual trip paths, although these findings did not reach statistical significance. 
 Regarding environmental exposures for which polygon-based measures were employed, 
there were very few statistically significant differences in the mean exposure along actual trip 
paths versus shortest potential trip paths (Appendix Table 1) using either 60ft or 660ft buffers. 
Across the 16 polygon-level exposures, only the difference in mean exposure to per capita 
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unemployment, total population, population aged 15-24, and neighborhood belonging reached 
statistical significance among participants living in areas of low median household income using a 
660ft buffer. None of the differences reached statistical significance among participants living in 
areas of high median household income.  
 
DISCUSSION 
Using a unique opportunity afforded through a recent population-based case control study of 
adolescent males in Philadelphia, we compared multiple different approaches to defining 
exposure to environmental risk and protective factors associated with assault injury. We first 
defined environmental exposures based on the location of participants’ homes. We then 
calculated environmental exposures using detailed activity paths that recorded the precise 
locations participants encountered in the course of their daily activities. In comparing home 
address-based measurement and activity path-based measurement, we found that home address 
location explained only part of the exposures experienced by participants in the course of their 
daily activities, and that the amount of variability explained varied a lot across the different 
environmental exposures as well as between those whose home address was located in an area 
with low median household income and those whose home address was located in an area with 
high median household income (R squared range: 0.05-0.81). These findings are in keeping with 
prior research which suggests that participants travel well beyond their immediate home 
surroundings in the context of daily activities.(Millward et al., 2013; Xue et al., 2009; Yang & Diez-
Roux, 2012; Yao et al., 2015) This suggests the need for research to continue to assess detailed 
activity path data in order to capture the most accurate assessments of environmental exposures, 
despite associated costs and complexities.(Gilliland et al., 2005) 
 We also proposed a novel use of detailed observational activity path data to generate 
spatial counterfactuals. In this method, we divided each participant’s daily activity path into a 
series of trips defined by origins and destinations. We compared the exposure accrued along the 
actual trip path to the exposure that each participant would have accrued had they chosen to take 
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the shortest potential route between the origin and destination.  Consistent with prior research, 
we found that participants often selected routes that differed from the shortest potential travel 
path.(M. J. Duncan & Mummery, 2007; Guo & Loo, 2013) We found statistically significant 
exposure differences between the actual trip paths and shortest potential trip paths using both 
measures of cumulative exposure and measures of exposure density across both 60ft and 660ft 
buffers.  
 The current analysis highlights how selecting among different methods for ascribing 
environmental risk factors to adolescent participants can result in differences in exposure 
estimates. Simply defining environmental exposures based on participant home address fails to 
fully account for individual variability in exposure levels accrued over daily activity. The degree of 
mismatch varies across environmental factors and likely reflects a combination of the underlying 
exposure distribution across the study area and the variable mobility of participants across the 
study area. For environmental exposures that are relatively homogeneous and/or when 
participants do not venture far from home, assigning exposures based on home address may 
serve as a reasonable proxy for the exposures that participants experience across daily activities. 
However, when tremendous variability in environmental exposures exists across the landscape 
and/or participants cover a large terrain, home-based estimates are unlikely to capture individual-
level exposures experienced during daily activities.(Millward et al., 2013)  
In the current data set, this pattern held true both among participants whose home 
addresses were located in areas of low median household income and among participants whose 
home address were located in areas of high median household income. Additionally, the degree 
to which the home address exposure explained variability in actual path exposure did not appear 
to be related to the granularity of the underlying environmental data; R squared was highly 
variable across environmental features that were measured at the point-level, census block 
group-level and census tract-level when kernel density and inverse-distance weighting was used 
to assign exposures to participants. This findings suggests that even in instances where 
environmental variables are only available at aggregated aerial units, collecting detailed activity 
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path data may nonetheless provide more accurate exposure profiles than home address-based 
measurement.  
 Dividing detailed activity paths into series of origins and destinations holds promise as a 
novel method for defining spatial counterfactuals. The approach detailed herein, which compares 
actual travel paths to the shortest potential travel paths, outlines a method for exploring travel 
decisions. Considered broadly, this method can be used to ask whether participants are going out 
of their way to avoid certain environmental risk factors, or to seek out environmental protective 
factors. Our findings that trip path distances and trip path-based exposures differ along actual 
versus shortest potential paths is in keeping with participants’ reports of changing their activity 
paths based on safety concerns as well as prior qualitative research in a similar 
population.(Teitelman et al., 2010)  
While shortest potential travel path is the most computationally straightforward 
counterfactual in the ArcGIS network analyst calculations using the NAVTEQ StreetMap, other 
counterfactuals such as best illuminated route, route with the highest walkability score, or route 
with the least traffic congestion could also be considered.  In the current analysis, we found this 
method to be most useful when environmental feature data was available at the point-level. 
Under such circumstances, employing both 60ft and 660ft buffers yielded many statistically 
significant differences between exposures encountered along actual trip paths compared to 
exposures that would have been encountered along shortest potential trip paths. However, when 
environmental feature data is only available as larger area polygons (e.g. census block groups, 
census tracts, zip codes), this novel method is unlikely to yield meaningful information since 
actual and shortest potential routes likely cross through similar or identical polygon values. Using 
IDW calculations to create narrow bandwidth kernel density plots surrounding individual activity 
paths may improve the ability to differentiate exposures across actual versus shortest potential 
travel paths. However, these methods are not currently available in ArcGIS and thus require 
additional software to perform.  
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LIMITATIONS 
This study has several important limitations. It relies on data from a single population-based case 
control study of adolescents between the ages of 10 and 24, which was originally conducted to 
study the impact of daily activities on risk of assault injury. The study was conducted in 
Philadelphia and results may not translate beyond the current geographic location. Additionally, 
due to population-based sampling from a limited catchment area (12 zip codes), which tends to 
reflect less affluent neighborhoods within Philadelphia, the results may not be generalizable to 
other more affluent sections of the city. However, results were similar across both the participant 
group residing in low median household income neighborhoods and those residing in high 
median household income neighborhoods across the study sample.   
Second, the study focused on the presence of statistically significant differences among 
the various exposure methods. The presence of statistical significance does not inherently imply 
clinical significance, which is ultimately the motivating concern behind this line of inquiry. Since no 
consensus exists for what constitutes a clinically significant difference in exposure to 
environmental features such as narcotics arrests, vacant properties, or collective efficacy, the 
authors purposely avoided drawing such conclusions. But questions remain about whether the 
additional costs and complex logistics required to collect and analyze detailed environmental 
exposures truly reflect clinically meaningful differences amongst the methods proposed.  
In regards to the methods proposed to assess spatial counterfactuals, only one form of 
impedance (shortest potential trip path) was considered. Results may differ if alternative 
impedance metrics are employed. However, shortest potential trip path was selected as this 
metric is commonly employed in environmental exposure research and spatial analysis 
modeling.(Lam et al., 2013; Xue et al., 2009; Yao et al., 2015) Future simulation analyses should 
be performed to better elucidate which environmental features can be adequately accounted for 
using home address as a proxy and which require more detailed activity path data. By varying the 
distribution of environmental features and activity paths across the landscape, simulations can 
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provide insight to guide future studies of the association between environmental exposures and 
health outcomes among adolescents.  
 
CONCLUSION 
Using data from a population-based case control study of daily activities and assault, we 
characterized participant exposure to environmental risk factors using three different methods: 
home address-based measurement, activity path-based measurement, and measurement of the 
differences between actual trip paths and shortest potential trip paths. We found that home 
address-based measurement only partially explained individuals’ exposure to environmental 
features across their daily activity paths. Additionally, we found that participants’ actual trip paths 
often differed from shortest potential trip paths, and resulted in statistically significant differences 
in exposure to point-based environmental features. Future simulation work should study how the 
distribution of environmental features and participant activities across the landscape impacts 
observed associations in order to inform best practices in environmental exposure measurement.  
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CHAPTER 4: Role of adolescent-adult connections in exposure to 
environmental risk factors during daily activities 
 
INTRODUCTION 
Youth violence is common and leads to significant morbidity and mortality. According to the 2015 
National Youth Risk Behavioral Survey, 23% of high-school aged respondents had been in a 
physical fight in the past year, 3% were injured in a fight, and 16% had carried a weapon on at 
least one day during the preceding month.(Kann L et al., Summ 2016) While most violence 
research focuses on middle and late adolescence, the National Survey of Children’s Exposure to 
Violence demonstrates high levels of victimization among 10-13 year olds, with 46% reporting 
being in a physical fight, 8% being assaulted with a weapon, and 14% sustaining an assault-
related injury in the past year in the 2011 survey.(Finkelhor, Ormrod, et al., 2009; Finkelhor, 
Turner, et al., 2009; Finkelhor et al., 2013) Rates of violence exposure are even higher among 
youth living in urban environments.(Hardaway et al., 2012; McDonald et al., 2011) 
While most research focuses on risk factors for violence involvement, existing evidence 
suggests a direct protective effect of close parental relationships.(Hall, Simon, Mercy, et al., 2012; 
Loeber & Farrington, 2012; Losel & Farrington, 2012) Adult connection is central to healthy 
adolescent development,(E. Bowers et al., 2014; E. P. Bowers et al., 2012; Lerner, Lerner, & 
Benson, 2011; Lewin-Bizan et al., 2010; Theokas & Lerner, 2006) demonstrates a direct 
protective effect on health behavior and mental health outcomes,(Youngblade et al., 2007) and a 
buffering protective effect in the presence of adverse events.(Hardaway et al., 2012; S. T. Li et 
al., 2007; Loukas & Prelow, 2004; Proctor, 2006) Research from the National Longitudinal Study 
of Adolescent to Adult Health demonstrates parent-family connectedness is protective against 
violent victimization, weapon carrying,(Resnick et al., 1997) and committing weapon 
violence,(Henrich et al., 2005) and buffers against school difficulties, substance abuse,(Resnick 
et al., 2004) and effects of violence exposure on subsequent violence.(Brookmeyer et al., 2006) 
Also, family connection may modify the link between neighborhood violence exposure and 
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violence perpetration(Brookmeyer et al., 2005; Gorman-Smith et al., 2004; Jain & Cohen, 2013) 
and youth distress across a broad adolescent age range.(Turner et al., 2013)  
Mechanisms through which adult connection may operate to decrease risk of violence 
involvement are poorly understood.(Stoddard et al., 2011) Existing research demonstrates that 
environmental factors like crime rates, alcohol outlets, gun distributors, and vacant lots increase 
risk for assault injury(C. C. Branas et al., 2009; C. C. Branas, Rubin, & Guo, 2013; D. J. Wiebe et 
al., 2009; Douglas J Wiebe et al., 2016) and increase adolescents’ fear during their daily 
activities.(D. J. Wiebe et al., 2011) We postulate that having an adult connection may change 
how youth navigate their neighborhoods, altering their exposure to environmental risk and 
protective factors, and impact their risk of assault. Evidence that adults play this role exists; in 
some violent neighborhoods adults limit the time their youth can spend outside.("From the 
Centers for Disease Control and Prevention. Barriers to children walking and biking to school--
United States, 1999," 2002). Youth also cite caring and engaged adults as important in teaching 
them how to safely navigate dangerous neighborhoods.(Teitelman et al., 2010) 
Accurately measuring an individual’s environmental exposure is crucial to understanding 
the risks faced by youth,(Basta et al., 2010; Cummins et al., 2007; Flowerdew et al., 2008; A. T. 
Geronimus, 2006) and has been a shortcoming of violence research to date.(Hall, Simon, Lee, et 
al., 2012) Exposure levels at specific geographic point locations and moments in time may more 
accurately dictate risks.(C. C. Branas et al., 2009; D. J. Wiebe et al., 2011; Douglas J Wiebe et 
al., 2016)   
Using minute-by-minute activity path data, this study examines how adolescent-adult 
connection may impact the extent to which adolescents are exposed to environmental risk factors 
in the context of their daily activities using two distinct approaches. First we examine whether 
youth with and without adult connections are exposed to differential levels of environmental risk 
factors in the context of their daily activities. Second, we employ a novel GIS method to detect 
whether participants with adult connections “go out of their way” to minimize their exposure to 
environmental risk factors. This is the first study to examine a potential mechanism through which 
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adult connection may protect youth by assessing whether an adult connection is associated with 
differential exposure to neighborhood risk factors over the course of daily activities using novel 
GIS methodology. Advancing our understanding of potential operative mechanisms is essential 
for identification of targets for interventions designed to bolster adult connection and protect 
youth.  
 
METHODS 
Data source 
We utilized data from control participants in the Space Time Adolescent Risk Study (STARS), a 
population-based case control study of daily activities and assault. The parent study recruited 
case subjects ages 10-24 from 2007 through 2011 at 2 sites: the Emergency Departments at The 
Children’s Hospital of Philadelphia and the Hospital of the University of Pennsylvania, which are 
pediatric and adult Level 1 Trauma Centers, respectively. Controls were recruited using random 
digit dialing from residences in the 12 zip codes accounting for the homes of case 
subjects.(Hartge et al., 1984; Perneger et al., 1993; Waksberg, 1978) Because these two study 
centers have sufficient sex, age and race variation among victims of assault-related gunshot 
wounds,(Nance, Sing, Reilly, Templeton, & Schwab, 1996; Nance, Stafford, & Schwab, 1997) 
controls were matched to gunshot injury cases on these factors. Due to known low prevalence of 
female victims of gun assault at the two study centers, females were recruited as a separate case 
series and only male cases and controls were recruited for STARS. All subjects underwent a 
structured in-person interview about previous violence exposure, school performance, adult and 
peer connections, and substance use. Then, using a customized version of ArcEngine software 
(Esri, Inc., Redlands, CA) each subject sequentially reported their daily activities by location and 
time.  Cases reported on the day the injury was sustained; controls reported on a recent day 
(within 3 days of the interview) designated randomly. Using a stylus to draw path points on the 
map, the interviewer created a minute-by-minute record of how, when, where and with whom the 
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subject spent time from waking up until the time of assault (case) or bedtime (controls). Methods 
for GIS data collection have previously been described in detail.  
(Basta et al., 2010; D. J. Wiebe et al., 2013; Douglas J Wiebe et al., 2016) The study was 
approved by the Institutional Review Boards of the University of Pennsylvania and The Children’s 
Hospital of Philadelphia.  
 
Measuring adolescent-adult connections 
Adolescent-adult connections were measuring using two approaches. First, positive adult 
connection was defined by answering affirmatively to two questions: “there are adults in my life 
that I look up to” and “there are adults in my life that I can go to that help me handle tough 
situations.” These questions were chosen to broadly and succinctly capture connections both 
within the family and with other supportive adults.(DuBois & Silverthorn, 2005b; Resnick et al., 
1997) These two questions have been found to be significantly inversely associated with both 
self-reported personal violence involvement and witnessing violence among STARS control 
subjects.(Culyba AJ et al., 2016) Second, participants created a detailed “family tree” genogram 
to characterize relationships with family members who they felt play an important role in their lives 
from a pre-specified and participant-generated constellation of adjectives such as: physical 
fighting, verbal fighting, not good, good, supportive, and bullying. Based on the constellation of 
terms reported by youth, relationships were subsequently divided into two categories: supportive 
and unsupportive/mixed.  Supportive adult familial connection and supportive parental connection 
were defined by the presence of ≥1 supportive adult family member and by the presence of ≥1 
supportive parent, respectively, in family genograms.  
 
Measuring environmental exposures 
We gathered data on environmental variables of interest from the University of Pennsylvania 
Cartographic Modeling Lab (CML) (vacant properties, vandalism, disorderly conduct, public 
drunkenness, narcotics arrests), the City of Philadelphia (recreation department facilities), the 
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Pennsylvania Liquor Board (alcohol outlets), the Philadelphia Health Management Corporation’s 
Southeastern Pennsylvania Household Survey (PHMC) (violence victimization, guns in/around 
home), and the Mural Arts Program (murals).(Cartographic Modeling Lab; Mural Arts Program; 
Philadelphia Health Management Corporation) 
Home address-based measurement 
Participants were assigned unique exposure measures to each environmental variable based on 
their home address locations and the magnitude of the environmental factors surrounding their 
home address using inverse distance weighting (Census, PHMC) and kernel density (CML, City 
of Philadelphia, Pennsylvania Liquor Board, Mural Arts) calculations.(Arline T. Geronimus, 2006; 
Goodchild et al., 2005; Holt et al., 1996; Tomlin, 1990)  
Activity path-based measurement 
Participants’ detailed minute-by-minute activity paths were overlaid on the Philadelphia landscape 
to calculate environmental exposures encountered in the context of daily activities using ArcGIS 
10.3.1. Employing the inverse distance weighting and kernel density methods described above, 
we assigned environmental exposures based on the latitude and longitude of each activity path 
point and then calculated mean exposures over participants’ first 6 hours, first 12 hours, and 
entire reported path.  
Trip path-based measurement 
In order to explore novel methods related to how youth chose to travel between their daily 
activities, we divided participant activity paths into a series of origins and destinations (e.g. the 
activity path from home to school, the path from school to work) (Figure 4). A single trip was 
defined by an origin, the intervening travel points, and a destination. We limited the trip path 
analyses to trips that occurred using ≥90% self-powered modes of transit (on foot, bicycle) 
because adolescents have the most personal agency in selecting a travel path under these 
circumstances. We input the trip path minute-by-minute location data into ArcGIS 10.3.1. For 
actual trip paths, we included the origin, all intervening path points, and the destination. To 
calculate shortest potential trip paths, we used the ArcGIS Network Analyst feature with the 
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NAVTEQ StreetMap Premium for ArcGIS – 2012 map layer to calculate the shortest potential 
walking route between each origin and destination. We calculated measures of exposures to 
environmental features along the actual trip paths and the shortest potential trip paths using two 
distance buffers: 1) 60ft buffers to reflect exposure to environmental features on either side of the 
street that participants walked down and 2) 660ft buffers to capture exposures within a city block 
of each trip path. We calculated the sum of the environmental exposure points that intersected 
each 60ft and 660ft buffered trip path to reflect the cumulative exposure to each factor during the 
actual trip paths and shortest potential trip paths. We also calculated exposure density (exposure 
per 1,000ft traversed) along each actual trip path and shortest potential trip path.  
Factor analysis 
As part of the original STARS study of environmental risk factors for assault, we conducted factor 
analysis using 27 environmental exposures appended to participants’ activity paths. From this, we 
derived six composite factors and four individual variables that efficiently represented underlying 
constructs of interest. Details of the factor analysis methods and results have been previously 
described.(Douglas J Wiebe et al., 2016) In the current study, we employ four of these constructs 
(connectedness among neighbors, neighborhood income, neighborhood racial/ethnic 
composition, fire and police stations) to efficiently account for potential confounding in our 
regression models.  
 
Statistical analysis 
To characterize the study sample, we calculated descriptive statistics including mean, standard 
deviation, median and interquartile range, as appropriate. We first used ordinary least squares 
(OLS) regression to test for differences in environmental exposures at participants’ home address 
between participants with and without adolescent-adult connections as defined by: 1) positive 
adult connection, 2) supportive adult familial connection, and 3) supportive parental connection. 
We next used OLS regression to test for differences in mean exposure accrued over 6 hours, 12 
hours, and the entire path of daily activities between subjects with and without 1) positive adult 
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connection, 2) supportive adult familial connection, and 3) supportive parental connection. Fully-
adjusted models accounted for individual factors (age, school enrollment, currently working, 
history of juvenile probation, prior violence involvement), contextual factors along activity paths 
(mode of transit, proportion of path traversed after sundown, presence of precipitation, alcohol 
use, presence of companions) and constructs from factor analysis (connectedness among 
neighbors, neighborhood income, neighborhood racial/ethnic composition, fire and police 
stations). Models also tested for presence of effect modification by age, which was not significant 
at the p<0.1 level, and thus was removed from final models. Analogous models restricted to only 
those portions of the activity path that were self-powered (walking, biking) were also conducted.  
 The third set of statistical analyses employed a novel GIS methodology to compare 
exposures along actual trip paths to shortest potential trip paths. We calculated, within each 
subject, for each set of origin and destination points, the difference between the cumulative 
exposure accrued along the shortest potential trip path versus the actual trip path (difference 
(count)=shortest potential trip path exposure – actual trip path exposure). We also performed an 
analogous calculation to determine differences in exposure density (difference (density)=shortest 
potential trip path exposure per 1,000 feet traversed – actual trip path exposure per 1,000 feet 
traversed). We calculated the mean difference in cumulative exposure and exposure density 
across each participants’ trips such that each participant had two final difference values 
(cumulative and density). We used OLS regression to evaluate whether the observed differences 
in exposure between actual and shortest potential routes differed based on whether subjects 
reported: 1) positive adult connection, 2) supportive adult familial connection, and 3) supportive 
parental connection. 
 
RESULTS 
Participant characteristics 
The study included 274 adolescent male control participants who completed both the structured 
in-person interview and the activity path data collection. Median participant age was 18.6 and 
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98% were African American (Table 4). Almost all youth younger than 18 years of age and slightly 
less than half of youth ages 18 or older were currently enrolled in school and a third were 
currently working. Two thirds of youth (65%) reported lifetime alcohol use and slightly less than 
half (45%) reported lifetime marijuana use. Almost all youth reported ever having been in a 
fistfight (92%), and 13% required medical attention following a fight. Two thirds (39%) had carried 
a weapon and one fifth (18%) had been on probation. Participants reported high levels of 
witnessing violence, with 88% having heard gunshots and 78% having seen someone beat up in 
their neighborhood. Three quarters (74%) endorsed ever changing their travel route based on 
safety concerns, with 18% reporting doing so on a daily basis and an additional 20% reporting 
doing so on a weekly basis. Adolescent-adult connections were common with 86% reporting 
positive adult connection, 79% reporting supportive adult familial connection, and 75% reporting 
supportive parental connection.  
 
Adult connections and exposure to environmental risk factors at home address 
Figure 9 depicts participants’ home address locations by presence of positive adult connection. 
Points have been randomly jittered to protect participant confidentiality. We identified a 
statistically significant association between the presence of positive adult connection and lower 
exposure to disorderly conduct at home address locations (Table 8). We did not identify any 
significant associations between the other environmental exposures of interest at participants’ 
home addresses, including alcohol outlets, vacant properties, vandalism, violence victimizations, 
firearms in/around homes, narcotics arrests, or recreation centers and positive adult connection. 
We found no significant associations between the presence of supportive adult familial 
connection nor the presence of supportive parental connection and any of the environmental risk 
factors at home address locations.  
Adult connections and exposure to environmental risk factors during daily activities 
We next examined whether the mean exposure to environmental risk factors across participants’ 
daily activity paths differed based on the presence of adolescent-adult connections. Figure 10 
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depicts participants’ activity paths overlaid on alcohol outlet locations as an example. We found 
no significant associations between the presence of positive adult connection and exposure to 
any of the environmental risk factors during the first 6 hours of daily activity, the first 12 hours of 
daily activity, or the entire daily activity paths in unadjusted or fully adjusted models (Table 9). We 
also did not identify significant associations between either the presence of supportive adult 
familial connection nor the presence of supportive parental connection and exposure to 
environmental risk factors in unadjusted or fully adjusted models (Tables10 and 11, respectively).  
Comparing actual trip paths and shortest potential trip paths among all participants 
Across the entire sample of participants, we found significant differences between exposures 
along actual trip paths compared to what youth would have been exposed to had they chosen to 
travel along the shortest potential routes between origins and destinations (Table 12).  Figure 11 
depicts participants’ actual trip paths and shortest potential trip paths overlaid on the location of 
vacant properties as an example. Based on beta coefficients less than one, cumulative exposures 
to vandalism, disorderly conduct, public drunkenness, and murals were all significantly higher on 
actual trip paths compared to shortest potential trip paths using both 60ft and 660ft buffers. 
Cumulative exposures to narcotics arrests were significantly higher along actual trip paths using 
60ft buffers, and cumulative exposures to vacant properties and recreation centers were 
significantly higher along actual trip paths using 660ft buffers.  
Fewer statistically significant results emerged when comparing exposure density along 
the actual trip paths and shortest potential trips paths. On average, participants’ actual trip paths 
traversed areas that had significantly less density of disorderly conduct than the shortest potential 
trip paths using both 60ft and 660ft buffers. Participants’ actual trip paths traversed areas that has 
significantly less density of vandalism and narcotics arrests than the shortest potential trip paths 
using a 60ft buffer and a 660ft buffer, respectively. The point estimates for the beta coefficients 
comparing exposure density along shortest potential trip paths to actual trip paths were all greater 
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than 1, suggesting that exposure density might be lower along the actual trip paths, although the 
differences did not reach statistical significance across the other environmental risk factors.  
Adult connections and exposure to environmental risk factors on actual trip paths versus shortest 
potential trip paths 
We did not identify any significant associations between positive adult connection and differential 
exposure to the environmental risk factors on actual trip paths versus shortest potential trip paths 
measuring either cumulative exposure or exposure density at 60ft or 660ft buffers for any of the 
environmental risk factors of interest (Table 13). We also examined the analysis stratified by 
participant age group (10-14, 15-17, and 18-24 years) to assess for variation in the impact of 
positive adult connection on differential exposure to environmental risk factors across the 
adolescent age range (Appendix Table 2). In doing so, we did note that several of the point 
estimates for the beta coefficients did differ across the age groups; in some instances, the beta 
coefficient reversed direction. However, none of the age stratum-specific estimates reached 
statistical significance and there was considerable overlap in the respective 95% confidence 
intervals. Additionally, formal tests for evidence of effect modification by age were not significant 
using a cutoff of p<0.1. Therefore, the remainder of the results were presented with all age 
groups combined.  
Regarding associations between supportive adult familial connection and trip path 
exposures, we did identify a single significant association wherein participants with supportive 
adult familial connection had a significantly larger difference between cumulative exposures to 
vacant properties along actual trip paths versus shortest potential trip paths using a 60ft buffer 
(Table 14). None of the other differences in environmental exposures were significantly 
associated with supportive adult familial connection. We also found no significant associations 
between supportive parental connection and differential exposure to the environmental risk 
factors on actual trip paths versus shortest potential trip paths measuring either cumulative 
exposure or exposure density at 60ft or 660ft buffers for any of the environmental risk factors of 
interest (Table 15).  
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DISCUSSION 
This is the first study to use GIS-generated activity path data to examine associations 
between adolescent-adult connections and exposure to environmental risk factors for violence in 
the context of daily activities. Environmental exposures measured at home address locations 
were very similar between those with and without all three forms of adolescent-adult connections 
(positive adult connection, supportive adult familial connection, and supportive parental 
connection). Through daily activity path analyses, we examined whether youth with and without 
adult connections were exposed to differential levels of environmental risk factors to provide 
preliminary insight into whether adult connections may lead to differential environmental 
exposures as a mechanism to explain protective effects of adult connection. We found very few 
significant associations between adult connection, as measured through brief survey measures or 
through detailed family genograms, and differential exposure to environmental risk factors in the 
context of daily activities.  
In fully adjusted analyses, we were able to account for many observed confounders. 
However the possibility of residual confounding remains as it may be that any observed effects 
(or null associations) may be due to clustering of youth with adult connections living and spending 
time in neighborhoods that are safer. To address this limitation, we proposed a novel 
methodologic use of GIS data to test if having an adult connection was associated with traveling a 
route that resulted in a lower level of exposure than would have been experienced had the 
participant travelled the shortest possible route to reach their destination. That is, we used GIS 
data to detect whether some participants “go out of their way” to minimize their exposure to high 
concentrations of environmental risk factors. We did find evidence that across the study sample, 
youth selected routes that resulted in exposure to lower density of disorderly conduct, vandalism, 
and narcotics arrests. Many of the selected routes also resulted in lower exposure density to 
additional environmental risk factors, although the remaining results did not reach statistical 
significance. These findings provide some preliminary support for the idea that youth overall may 
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be “going out of their way” in selecting routes that result in lower exposure density. In subsequent 
analyses, however, we found no significant associations between having an adult connection and 
selecting trip routes that resulted in differential exposure to environmental risk factors. Said 
another way, identifying adolescent-adult connections did not appear to predict which youth might 
“go out of their way” to minimize their exposure.  
Prior research suggests that many individual, social, and environmental features are 
important in deciding to use self-powered transport, and that similar features may also contribute 
to pedestrian route choice.(Giles-Corti & Donovan, 2003; Guo & Loo, 2013)  Most research has 
emerged from the fields of urban planning, transportation, and public health and has focused on 
adult populations, with a more limited focus on youth active transport to promote physical activity, 
and to an even lesser extent on decision-making among youth in dangerous urban environments. 
A review by Panter et al. identified three salient research domains including attributes of 
residential neighborhoods, destinations, and travel routes.(Panter et al., 2008) Safety, as 
perceived by both parents and youth, emerged as a frequent factor of interest, but studies 
demonstrated mixed findings regarding associations between perceptions of safety and walking 
among adolescents.(Carver et al., 2005; Kerr et al., 2006)  
However, safety concerns are often paramount among youth living in urban environments 
plagued by high levels of community violence. Youth perceptions of safety have been shown to 
vary substantially during travel to school and have been linked to modes of transit.(D. J. Wiebe et 
al., 2013) Qualitative research in a sample of Philadelphia youth residing in dangerous 
neighborhoods highlights adolescents’ hypervigilance to features in their immediate surroundings 
and focus on strategies to promote safety during daily activities.(Teitelman et al., 2010) Many of 
the findings are in keeping with theories of prospect, refuge, and escape and suggest that youth 
actively select routes to minimize safety concerns.(Fisher & Nasar, 1992; Nasar & Fisher, 1993; 
Nasar, Fisher, & Grannis, 1993; Wang & Taylor, 2006) However, very few studies incorporate 
objective measures of travel paths or crime.(D. J. Wiebe et al., 2013) Work by Guo and 
colleagues demonstrates that participants’ expressed preferences for factors such as safety, 
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familiarity, and distance do not necessarily correspond to features along the paths that 
pedestrians actually select based on objective measures.(Guo & Loo, 2013) Therefore, 
incorporating objective measures of travel paths and exposures to environmental risk factors is 
critical to understanding how these factors may impact youth route choice and violence risk.  
Research suggests that adults may play a critical role in helping youth stay safe. 
Engaged and supportive parenting practices are important for youth living in high crime 
neighborhoods to help promote pro-social outcomes.(Vazsonyi et al., 2006) Among youth 
residing in dangerous neighborhoods, adults may limit the amount of time youth can spend 
outside.("From the Centers for Disease Control and Prevention. Barriers to children walking and 
biking to school--United States, 1999," 2002) Adolescents report feeling safer when in the 
presence of a parent or guarding, which aligns with the idea that being with a supportive adult 
may confer protection against violence.(D. J. Wiebe et al., 2013) Youth also report that supportive 
adults are helpful for developing coping strategies for living in violent neighborhoods.(Teitelman 
et al., 2010) However, Panter notes that “[r]esearch to date has often failed to consider the 
potentially complex role parents’ decision-making processes play in controlling their children’s 
travel behaviors and how environmental characteristics interact with these processes.”(Panter et 
al., 2008)  While adolescent-adult connections likely play a role in safeguarding youth, 
understanding the dynamic interplay between these relationships, adolescent perceptions of 
safety, and decision-making in the context of daily activities presents challenges to clearly 
delineating these interactions.  
 
LIMITATIONS AND STREGTHS 
This study has several limitations. We measured adolescent-adult connections based on 
responses generated during a single in-person interview. Additionally, all relationship information 
was obtained via youth self-report rather than from parent-adolescent dyads. It is possible that a 
single point in time might fail to capture the dynamic nature of relationships and limit our ability to 
fully assess relationships characteristics. However, we did use several distinct measures of 
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adolescent-adult connections including brief survey questions and detailed family genograms to 
provide a comprehensive approach to measuring connections. We did not collect information 
regarding specific communication that could promote adolescent safety and we are therefore 
unable to assess whether supportive adults shared strategies about how to safely navigate in the 
context of dangerous environments. The current analysis did not incorporate perceived safety, 
which may moderate associations between adolescent-adult connections and activity path 
choices. However, given the use of a novel methodology that compares actual trip paths to 
alternative potential paths, there is no method for determining perceived safety along routes that 
youth did not take, rendering inclusion of this information impossible. Given the study’s focus on 
activities over an entire day, it was not feasible to collect information on youth route choice 
decision-making. Finally, the study included a population-based sample of predominantly African 
American male youth residing in 12 zip codes in Philadelphia. Results may not be generalizable 
outside the study population or single location.  
 The study has several important strengths. It is the first study to use objective measures 
of exposure to environmental risk factors in assessing the impact that adolescent-adult 
connections may have on adolescent decisions for how to navigate through daily activities. It 
uses detailed GIS data and granular environmental exposure data for features that have 
previously been linked to violence risk. And it employs a novel method for assessing if youth may 
go out of their way to avoid environmental risks.  
 
CONCLUSIONS 
 In a population-based sample of male youth in an urban environment, we examined the 
role of adolescent-adult connections in exposure to environmental risk factors during the course 
of daily activities. We did not identify significant differences between youth with and without 
adolescent-adult connections in exposure to environmental features based on youths’ home 
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address or across their daily activities. We did note significant differences between exposures 
that youth encountered along their chosen travel routes between origins and destinations in 
comparison to what they would have encountered along the shortest potential routes. However, 
we did not find statistically significant evidence that these differences were a function of 
adolescent-adult connections. Future work should combine novel spatial methods that objectively 
measure environmental exposures with in-depth qualitative analysis to further explore nuances in 
adolescent route choice decision-making in neighborhoods with high levels of community 
violence. This mixed method approach may help to elucidate individual, social (family, peer), and 
neighborhood-level factors that are most salient in youth decision-making and help inform multi-
modal strategies to engage and protect youth. 
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Chapter 5: Conclusions and future directions 
 
Youth violence is a public health problem that results in significant morbidity and mortality among 
adolescents.(Centers for Disease Control and Prevention.  National Center for Injury Prevention 
and Control) Male youth in low-resource urban neighborhoods bear a disproportionate burden of 
violent injury.(Hardaway et al., 2012; McDonald et al., 2011) Strengths-based strategies that 
target multiple potential levels of influence to reduce violence exposure are urgently 
needed.(Gorman-Smith D, 2013-2014) The CDC Center for Injury Prevention and Control 
recently put forth nine key prevention strategies for combating youth violence, of which two 
specifically focus on adolescent-adult connections: “foster safe, stable, nurturing relationships 
between young people and their parents and caregivers” and “build and maintain positive 
relationships between young people and caring adults in their community.”(David-Ferdon & 
Simon, 2014) Strengthening adolescent-adult connections may provide important opportunities to 
protect youth from violence.  
This dissertation leveraged data from a recent population-based case control study that 
enrolled adolescent gunshot and non-gunshot assault-injured patients as cases and community-
based adolescents as controls to assess associations between adolescent-adult connections, 
violent injury, and environmental exposures across daily activities.  
In the second chapter, we assessed whether the presence of positive adult connection, 
defined by brief structured questions, was associated with assault injury among adolescent 
males. We also assessed whether adolescent characterizations of relationships with key adult 
family members were associated with assault injury. Using a population-based case control 
design, this was the first study to our knowledge to examine associations between adolescent-
adult connections and objective measures of assault injury. Among youth with low prior violence 
involvement, there were no significant associations between adult connections and violent injury. 
Among youth with high prior violence involvement, significant direct associations between 
supportive family and gun-assault and non-gun assault injury emerged.  
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These findings, while initially surprising, do provide insight into directions for intervention 
and future research. First, in many ways the results are in keeping with prior research which 
highlights that families struggle to protect youth in the context of dangerous urban 
environments.(Gorman-Smith & Tolan, 1998; Houltberg et al., 2012; L. S. Miller et al., 1999) 
Thus, while adolescent-adult connections are critically important for healthy adolescent 
development, strong bonds with supportive family members and other adult mentors may not, in 
and of themselves, be sufficient to protect youth from violent victimization in the context of 
neighborhoods plagued by high levels of community violence. These findings suggest the need to 
employ multi-tiered approaches to address violent victimization. Returning to the Health Impact 
Pyramid (Figure 1) and the Haddon Matrix (Figure 2), interventions that target multiple different 
levels of influence beyond individually-directed efforts are likely to achieve the largest population-
level impact on youth violence.(Frieden, 2010; Runyan, 2015) Low-cost, place-based 
interventions that invest in communities to remediate vacant and dilapidated spaces may play a 
critical role in improving neighborhood safety.(C. C. Branas et al., 2011; Charles C. Branas et al., 
2016; Garvin et al., 2013; Kondo et al., 2015; MacDonald et al., 2010) Such place-based 
interventions may be able to synergistically support the efforts of families to protect youth from 
violent victimization.  Providing opportunities for community engagement in revitalization efforts, 
such as repurposing vacant lots as community gardens, may afford opportunities for adolescents 
and supportive adults to work together to simultaneously address neighborhood risk factors and 
build social capital.  
Of note, the observed associations between supportive familial connection and higher 
odds of violent victimization may also reflect limitations inherent in case control studies. In case 
control studies, exposure is measured after the outcome has occurred. For the STARS study, 
controls were asked to reflect on the nature of their relationships with family on a random day. In 
contrast, case participants were asked to reflect on the nature of relationships in the immediate 
post-injury period. This timing could fundamentally impact on how youth perceive adult supports 
and contribute to the observed direct associations. Participants, especially those with a history of 
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high levels of prior violence involvement, reported high levels of adolescent-adult connection in 
the immediate post-injury period. It is quite possible that families were appropriately providing 
heightened support in the immediate post-injury period, and that this support was particularly 
salient among youth who had been engaged in long-term cycles of violence.  
High levels of family connection in the immediate post-injury period may offer 
opportunities to recognize, enhance and sustain these connections as part of a multi-faceted 
approach to safeguard youth. Hospital-based violence intervention programs (HVIP), which 
provide direct services to youth in the immediate post-injury period, have shown promise in 
reducing retaliation and recidivism among violently-injured youth.(Aboutanos et al., 2011; Becker 
et al., 2004; Cheng et al., 2008; Shibru et al., 2007; Zun et al., 2006)  HVIPs may be able to 
effectively harness adolescent-adult connections by engaging with both youth and families to 
build upon these existing strengths. Further research is needed to determine how best to support 
and enhance family connection through HVIPs in order to reduce future violence involvement.  
Future research should also include more detailed and nuanced measures of adolescent-
adult relationships so that we can better understand the precise relationship features that may be 
most salient in reducing violence exposure. Measuring connections at more than one time point 
may provide a more accurate depiction of the dynamic nature of relationships. Additionally, 
parental perceptions of adolescent-adult relationships will add additional perspective to 
complement information obtained from youth. It will also be important to understand both youth 
and adult perspectives on conflict resolution strategies, as these attitudes may mediate the 
effects of adolescent-adult relationships on violent victimization.  
Understanding which elements of adolescent-adult communication are most salient for 
violence prevention can be used to inform both tertiary prevention programs, such as HVIPs, as 
well as primary prevention initiatives. At this time, there is very little evidence-informed 
anticipatory guidance that providers can use to counsel youth and families about how best to 
prevent violent victimization in the context of low-resource urban environments. It is quite possible 
that the prevention messages regarding adolescent-adult connections directed at the general US 
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population(Hagan, Shaw, & Duncan, 2008) can be enhanced by incorporating the lived 
experiences of youth struggling to navigate neighborhoods plagued by high levels of community 
violence.  Incorporating elements of safety assessment and conflict resolution into these 
messages may afford further opportunities for engaged families to protect youth from violent 
victimization.  
In the third chapter, we evaluated the impact of conventional versus novel techniques for 
measuring environmental exposures among youth and proposed an innovative method for using 
activity path data to construct spatial counterfactuals. Most prior research has focused on adult 
populations. Limited environmental exposure data in youth tends to focus on travel from home to 
school, and very little prior work has evaluated travel to other daily activities, or examined 
environmental features known to be associated with risk of violent victimization. Using data from 
control participants, we characterized participant exposure to environmental risk factors using 
three different methods: home address-based measurement, activity path-based measurement, 
and measurement of the differences between actual trip paths and shortest potential trip paths. 
We found that home address-based measurement only partially explained individuals’ exposure 
to environmental features across their daily activity paths. Additionally, we found that participants’ 
actual trip paths often differed from shortest potential trip paths, and resulted in statistically 
significant differences in exposure to point-based environmental features.  
These results suggest that how exposures are defined and measured may have 
important implications for understanding the impact of environmental exposures on violence, as 
well as other health outcomes. Future simulation work should study how the distribution of 
environmental features and participant activities across the landscape impacts observed 
associations in order to inform best practices in environmental exposure measurement. This 
should involve varying the distribution of environmental features of interest across the physical 
landscape, varying the distances traveled by youth in the course of daily activities, and also 
incorporating environmental data at varying levels of granularity. These simulations can provide 
guidance about under what circumstances collecting detailed and time-consuming travel 
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information is warranted, and when measures such as home address-based assessment will 
likely serve as a reasonable proxy. Future work is also needed to determine the “dose” of 
environmental exposure that is likely to result in a clinically meaningful change in violence 
outcomes. Most of this work has been done with air pollutants and health outcomes such as 
asthma, and suggests that dose-response relationships do occur. Being able to calibrate 
environmental exposures for additional outcomes, such as violence, will provide insight into what 
may constitute clinically meaningful, rather than merely statistically significant, results.  
In the fourth chapter, we applied these conventional and novel spatial methods to 
examine a potential mechanism through which adult connection may protect youth. Using data 
from control participants, we examined the role of adolescent-adult connections in exposure to 
environmental risk factors during the course of daily activities. We did not identify significant 
differences between youth with and without adolescent-adult connections in exposure to 
environmental features based on youths’ home address or across their daily activities. We did 
note significant differences between exposures that youth encountered along their chosen travel 
routes between origins and destinations in comparison to what they would have encountered 
along the shortest potential routes. On average, youth selected trip paths that resulted in lower 
exposure density to environmental risk factors than what they would have experienced along 
shortest potential trip paths, with several of these findings reaching statistical significance. 
However, we did not find statistically significant evidence that these differences were a function of 
adolescent-adult connections.  
Future work should combine novel spatial methods that objectively measure 
environmental exposures with in-depth qualitative analysis to further explore nuances in 
adolescent route choice decision-making in neighborhoods with high levels of community 
violence. This mixed method approach may help to elucidate individual, social (family, peer), and 
neighborhood-level factors that are most salient in youth decision-making and help inform multi-
modal strategies to engage and protect youth. More information is needed to understand the 
messages that supportive adults provide to youth in helping teach them to navigate dangerous 
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neighborhoods. This will allow us to study which messages may be most salient in these 
contexts, and to incorporate this messaging into future family-centered violence prevention 
interventions.  
The complexities and nuances identified across these three studies highlight the need for 
ongoing research to identify strengths-based approaches to protect youth from violence. Future 
research should continue to address how family connection and neighborhood investment can be 
synergistically approached to reduce the burden of violence plaguing many urban communities. 
More work is needed to translate key prevention strategies into interventions that are evidence-
informed and truly make a difference in the lives of youth. And while the task ahead is large, the 
stakes are even higher. Protecting all of our youth from violence remains one of the key 
strategies for ensuring that future generations will thrive.  
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TABLES 
 
 
Table 1: Characteristics of participants 
 
 
Characteristic 
Gunshot assault 
victims 
(n=143) 
Non-gun assault 
victims 
(n=206) 
Controls 
 
(n=283) 
Individual 
     Age, years, median (IQR) 
 
19.8 (18.3, 21.6)  
 
15.8 (14.0, 18.2)  
 
18.6 (15.8, 20.8)  
     Race 
          African American 
          Caucasian 
          Hispanic 
          Asian/Pacific Islander 
          Native American 
 
96.8% 
0.8% 
0.8% 
1.6% 
0.0% 
 
87.8% 
7.7% 
1.5% 
3.1% 
0.0% 
 
98.5% 
1.1% 
0.0% 
0.0% 
0.4% 
     Currently enrolled in school 42.4% 82.7% 67.9% 
     Good grades (A/Bs) 27.8% 43.9% 39.1% 
     Ever suspended or expelled  80.2% 71.9% 69.0% 
     Currently working 32.5% 20.5% 35.8% 
     Participate in structured activities 66.7% 53.7% 72.4% 
     Ever drank alcohol 71.4% 46.9% 65.3% 
     Ever used marijuana 68.3% 34.2% 45.0% 
     Ever been jumped 55.2% 71.3% 56.1% 
     Ever in a fistfight 93.7% 94.9% 91.9% 
     Ever been to hospital because of a fight 19.8% 30.1% 12.8% 
     Ever carried a weapon 47.6% 26.0% 39.1% 
     Ever been on juvenile probation 53.2% 20.5% 17.7% 
Neighborhood context (home address) 
     Median household income, median ($) 
 
24,359 
 
25,343 
 
25,424 
     Median unemployed population per 1,000  
     residents ≥16 
81.7 79.7 74.3 
     Median population per 1,000 residents with at   
     least some college education 
170.7 176.1 187.3 
     Median black population per 1,000 residents 947.5 945.3 966.5 
     Median Hispanic population per 1,000 residents 15.4 16.3 14.6 
     Median vacant properties per square mile 661.8 503.5 458.63 
     Median annual narcotics arrests 349.1 332.9 328.1 
     Median annual vandalism arrests 323.8 350.6 308.8 
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Table 2: Associations between adolescent-adult connections and assault injury 
 Gunshot assault injury Non-gun assault injury 
Measure of Connection OR (95%CI)* 
p value 
AOR (95%CI)** 
p value 
OR (95%CI)*  
p value 
AOR (95%CI)** 
p value 
Positive adult connection 
 
 
       Low prior violence    
       involvement 
 
       High prior violence   
       involvement 
1.23 (0.66, 2.28) 
p=0.52 
 
 
 
0.92 (0.34, 2.44) 
P=0.86 
 
2.46 (0.34, 7.49) 
P=0.11 
1.44 (0.75, 2.77) 
p=0.28 
 
 
 
1.96 (0.73, 5.28) 
P=0.18 
 
1.59 (0.54, 4.67) 
P=0.40 
Supportive adult familial 
connection 
 
       Low prior violence    
       involvement 
 
       High prior violence   
       involvement 
1.96 (1.03, 3.73) 
P=0.04 
 
 
 
1.43 (0.53, 3.86) 
P=0.48 
 
4.01 (1.36,11.80) 
P=0.01 
1.91 (1.09, 3.34) 
P=0.03 
 
 
 
1.19 (0.55, 2.55) 
P=0.66 
 
4.22 (1.48,12.04) 
P=0.007 
Supportive parental 
connection 
 
       Low prior violence    
       involvement 
 
       High prior violence   
       involvement 
1.67 (0.89, 3.13) 
P=0.11 
 
 
 
1.19 (0.46, 3.06) 
P=0.72 
 
3.00 (1.01, 8.95) 
P=0.049 
1.69 (0.98, 2.91) 
P=0.06 
 
 
 
1.21 (0.58, 2.53) 
P=0.60 
 
2.86 (1.02, 7.97) 
P=0.045 
Abbreviations: OR: Odds ratio; AOR: Adjusted odds ratio; CI: Confidence interval 
*Odds ratio from conditional logistic regression matched on age group strata 
**Adjusted odds ratio from conditional logistic regression matched on age group strata, stratified by self-reported previous 
violence involvement (low: ≤3 vs. high:>3), and adjusted for individual factors (school enrollment, perceived school safety, 
involvement in activities, employment, alcohol use, history of probation), perceived neighborhood disarray, and 
neighborhood context (median household income, % unemployment, % college-educated, racial and ethnic composition, 
population density, crimes per square mile, alcohol outlet density, vacant properties, municipal services, and collective 
efficacy) 
 
 
 
 
Table 3: Sensitivity analysis 
 % of case participants with connections randomly recoded to not 
having specified connections (OR=odds ratio) 
LOW PRIOR VIOLENCE INVOLVEMENT 0% 5% 10% 15% 20% 25% 30% 35% 40% 
     Gunshot assault injury          
           Positive adult connection 0.92 0.63 0.47 0.35 0.27 0.22 0.18 0.14 0.12 
           Supportive adult familial connection 1.43 0.98 0.72 0.56 0.44 0.35 0.28 0.23 0.19 
           Supportive parental connection 1.19 0.89 0.69 0.55 0.44 0.37 0.30 0.26 0.21 
     Non-gun assault injury          
           Positive adult connection 1.96 0.99 0.62 0.44 0.32 0.25 0.20 0.16 0.13 
           Supportive adult familial connection 1.19 0.81 0.61 0.47 0.37 0.30 0.24 0.20 0.17 
           Supportive parental connection 1.21 0.89 0.68 0.54 0.43 0.36 0.30 0.24 0.20 
HIGH PRIOR VIOLENCE INVOLVEMENT          
     Gunshot assault injury          
           Positive adult connection 2.46 1.67 1.20 0.93 0.73 0.57 0.46 0.37 0.31 
           Supportive adult familial connection 4.01 2.93 2.21 1.70 1.33 1.09 0.90 0.73 0.60 
           Supportive parental connection 3.00 2.33 1.83 1.46 1.20 0.98 0.79 0.68 0.56 
     Non-gun assault injury          
           Positive adult connection 1.59 1.10 0.82 0.62 0.50 0.40 0.32 0.26 0.22 
           Supportive adult familial connection 4.22 2.96 2.13 1.63 1.30 1.05 0.87 0.70 0.58 
           Supportive parental connection 2.86 2.15 1.71 1.35 1.13 0.93 0.77 0.67 0.55 
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Table 4: Characteristics of participants 
 
 
Characteristic 
Control 
Participants 
(n=283) 
Age, years, median (IQR)  18.6 (15.8-20.8) 
Race 
     African American 
     Caucasian 
     Hispanic 
     Asian/Pacific Islander 
     Native American 
 
98.5% 
1.1% 
0.0% 
0.0% 
0.4% 
Currently enrolled in school 
    <18 years of age 
     ≥ 18 years of age 
 
99.1% 
44.3% 
Receiving As/Bs in school 39.1% 
Lifetime history of suspension or expulsion 69.0% 
Currently working 35.8% 
Participate in structured activities 72.4% 
Ever drank alcohol 65.3% 
Ever used marijuana 45.0% 
Ever been jumped 56.1% 
Ever in a fistfight 91.9% 
Ever been to hospital because of a fight 12.8% 
Ever carried a weapon 39.1% 
Ever been on juvenile probation 17.7% 
Ever chosen travel route based on safety 73.9% 
Frequency of choosing travel route based on safety 
     Never 
     Monthly 
     Weekly 
     Daily 
 
35.5% 
26.9% 
19.8% 
17.9% 
Neighborhood Environment Scale: perceived 
neighborhood disadvantage and disarray (range 0-
20), median (IQR) 
 
11 (8-13) 
Things I Have Seen and Heard Scale: exposure to 
violence (range 0-13), median (IQR) 
7 (5-9) 
 
 
 
 
 
 
 
 
 
 
 
 
62 
 
Table 5: Measuring exposure based on home address, by level of median household income at 
home address 
Environmental 
Exposure 
  Participants living in areas of 
low median household 
income 
Participants living in areas of 
high median household 
income 
 
Unit of 
measure Calculation 
Actual values 
Mean [SD] 
Standardized 
values 
Mean [SD] 
Actual values 
Mean [SD] 
Standardized 
values 
Mean [SD] 
Median household 
income ($) BG Raster-IDW 
19792.72 
[4738.53]   -0.63 [0.49] 
32317.49     
[6920.61] 0.68 [0.72] 
Per capita income ($) BG Raster-IDW 
9990.34 
[2572.33] -0.48 [0.41] 
15256.51    
[4817.88] 0.36 [0.77] 
Per capita unemployed 
(unemployed per 1,000 
age 16+) BG Raster-IDW 97.21 [57.23] 0.16 [0.96] 
67.24539     
[30.6726] -0.34 [0.52] 
Per capita with at least 
some college 
education BG Raster-IDW 
172.37 
[83.93] -0.40 [0.65] 
253.91 
[112.38] 0.23 [0.87] 
Per capita black (# 
blacks per 1,000) BG Raster-IDW 
834.27 
[257.78] 0.29 [0.83] 
819.82 
[224.94] 0.24 [0.76] 
Per capita Hispanic (# 
Hispanics per 1,000) BG Raster-IDW 27.38 [70.67] 0.03 [1.67] 19.48 [12.82] -0.16 [0.30] 
Total population BG Raster-IDW 
757.84 
[297.64] -0.17 [0.91] 
866.20 
[227.89] 0.16 [0.70] 
Population aged 15-24 BG Raster-IDW 
129.75 
[59.87] -0.03 [0.85] 
131.77 
[33.78] -0.004 [0.48] 
Truancy rate BG Raster-IDW 3.94 [2.59] 0.03 [0.99] 3.60 [2.19] -0.10 [0.84] 
Vandalism Point Raster-KD 
320.00 
[124.72] 0.14 [0.91] 
276.94 
[117.21] -0.17 [0.86] 
Narcotics arrests Point Raster-KD 
356.84 
[196.68] 0.29 [0.97] 
272.05 
[203.78] -0.13 [1.01] 
Disorderly conduct Point Raster-KD 81.18 [38.85] -0.03 [0.59] 63.34 [49.28] -0.30 [0.75] 
Public drunkenness Point Raster-KD 2.93 [4.15] -0.15 [0.22] 5.31[21.44] -0.03 [1.15] 
Alcohol outlets Point Raster-KD 16.33 [8.97] 0.02 [0.64]   12.38 [10.07] -0.26 [0.72] 
Alcohol expenditures 
by households BG Raster-IDW 
285.05 
[47.90] -0.56 [0.65] 
370.00 
[48.66] 0.59 [0.66] 
Vacant properties Point Raster-KD 
915.72 
[678.12] 0.44 [1.08] 
332.08 
[264.58] -0.49 [0.42] 
Philadelphia recreation 
department facilities Point Raster-KD 2.19 [1.94] 0.13 [0.99] 1.79 [1.70] -0.08 [0.87] 
Fire stations Point Raster-KD 0.70 [0.86] -0.004 [1.00] 0.55 [0.77] -0.17 [0.89] 
Police stations Point Raster-KD 0.52 [0.87] -0.04 [0.91] 0.43 [0.70] -0.13 [0.74] 
Neighborhood 
belonging CT Raster-IDW 0.81 [0.14] -0.32 [1.62] 0.86 [0.05] 0.28 [0.54] 
Neighborhood 
improvement CT Raster-IDW 0.74 [0.15] -0.04 [1.40] 0.77 [0.08] 0.23 [0.73] 
Neighbors help each 
other CT Raster-IDW 0.81 [0.14]   -0.32 [1.62] 0.86 [0.05] 0.28 [0.54] 
Trust among neighbors CT Raster-IDW 0.51[0.12] -0.47 [1.00] 0.60 [0.09] 0.25 [0.74] 
Participation in 
neighborhood 
organizations CT Raster-IDW 0.40 [0.08] -0.25 [1.31] 0.43 [0.05] 0.34 [0.80] 
Stress experienced in 
past year CT Raster-IDW 0.35 [0.07] 0.06 [1.36] 0.34 [0.04] -0.13 [0.86] 
Violence victimization 
in past year CT Raster-IDW 0.02 [0.01] 0.29 [1.13] 0.02 [0.004] -0.36 [0.86] 
Firearms in or around 
home CT Raster-IDW 0.06   [0.02] -0.38 [0.91] 0.07 [0.02] 0.43 [0.86] 
Exposure calculated using raster layer value of each environmental feature at the participants’ home address location 
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Table 6: Measuring exposure based on mean exposure experienced over daily activity path, by 
level of median household income at home address 
Environmental Exposure Participants living in areas of low median 
household income 
Participants living in areas of high median 
household income 
 6 hour 
mean 
exposure 
Mean [SD] 
12 hour 
mean 
exposure 
Mean [SD] 
Entire path 
mean 
exposure 
Mean [SD] 
6 hour 
mean 
exposure 
Mean [SD] 
12 hour 
mean 
exposure 
Mean [SD] 
Entire path 
mean 
exposure 
Mean [SD] 
Median household income 
($) -0.36 [0.71] -0.34 [0.65] -0.39 [0.60] 0.50 [0.82] 0.51 [0.84] 0.52 [0.76] 
Per capita income ($) -0.24 [0.71] -0.21 [0.64] -0.24 [0.58] 0.39 [0.99] 0.37 [0.95] 0.37 [0.85] 
Per capita unemployed 
(unemployed per 1,000 
age 16+) 0.09 [0.91] 0.10 [0.89] 0.13 [0.88] -0.22 [0.58] -0.20 [0.54] -0.20[0.52] 
Per capita with at least 
some college education -0.07 [0.94] -0.07 [0.82] -0.10 [0.78] 0.33 [0.94] 0.33 [0.90] 0.30 [0.83] 
Per capita black (# blacks 
per 1,000) -0.08 [0.92] -0.08 [0.87] -0.04 [0.84] -0.02 [0.90] -0.01 [0.87] 0.05 [0.79] 
Per capita Hispanic (# 
Hispanics per 1,000) 0.23 [1.64] 0.17 [1.27] 0.11 [1.03] -0.06 [0.43] -0.08 [0.40] -0.10[0.33] 
Total population -0.14 [0.83] -0.14 [0.79] -0.14 [0.80] 0.13 [0.72] 0.13 [0.70] 0.11 [0.64] 
Population aged 15-24 -0.02 [0.88] -0.07 [0.79] -0.07 [0.78] -0.04 [0.61] -0.02 [0.58] -0.04[0.52] 
Truancy rate 0.07 [0.98] 0.03 [0.91] 0.02 [0.88] -0.14 [0.79] -0.13 [0.73] -0.12[0.69] 
Vandalism 0.01 [0.93] 0.03 [0.89] 0.05 [0.86] -0.29 [0.81] -0.26 [0.78] -0.22[0.76] 
Narcotics arrests -0.02 [0.89] 0.004 [0.82] 0.04 [0.79] -0.25 [0.89] -0.23 [0.85] -0.20[0.83] 
Disorderly conduct  -0.01 [0.68] 0.03 [0.70] 0.05 [0.69] -0.02 [1.01] -0.07 [0.85] -0.09[0.76] 
Public drunkenness -0.03 [0.45] 0.001 [0.47] -0.01 [0.45] 0.09 [1.18] 0.09 [1.07] 0.06 [0.87] 
Alcohol outlets 0.04 [0.76] 0.08 [0.74] 0.08 [0.72] -0.04 [1.10] -0.07 [0.98] -0.09[0.88] 
Alcohol expenditures by 
households -0.34 [0.88] -0.33 [0.81] -0.37 [0.78] 0.45 [0.76] 0.46 [0.78] 0.47 [0.69] 
Vacant properties 0.20 [0.97] 0.22 [0.95] 0.24 [0.93] -0.39 [0.65] -0.37 [0.65] -0.37[0.57] 
Philadelphia recreation 
department facilities 0.09 [0.93] 0.07 [0.86] 0.06 [0.85] -0.14 [0.76] -0.14 [0.73] -0.13[0.69] 
Fire stations -0.04 [0.79] -0.01 [0.78] -0.01 [0.78] -0.10 [0.79] -0.12 [0.73] -0.12[0.69] 
Police stations 0.01 [0.82] 0.01 [0.78] 0.01 [0.78] -0.03 [0.80] -0.05 [0.69] -0.05[0.66] 
Neighborhood belonging -0.21 [1.50] -0.17 [1.39] -0.19 [1.40] 0.27 [0.48] 0.28 [0.45] 0.28 [0.44] 
Neighborhood 
improvement -0.08 [1.26] -0.06 [1.18] -0.04 [1.19] 0.17 [0.65] 0.19 [0.64] 0.22 [0.60] 
Neighbors help each other  -0.21 [1.50] -0.17 [1.39] -0.19 [1.40] 0.27 [0.48] 0.28 [0.45] 0.28 [0.44] 
Trust among neighbors -0.18 [1.04] -0.15 [0.99] -0.18 [0.97] 0.33 [0.77] 0.34 [0.75] 0.32 [0.68] 
Participation in 
neighborhood 
organizations -0.15 [1.21] -0.12 [1.13] -0.13 [1.13] 0.30 [0.69] 0.31 [0.66] 0.31 [0.61] 
Stress experienced in past 
year 0.03 [1.19] 0.05 [1.11] 0.03 [1.13] -0.05 [0.74] -0.08 [0.73] -0.11[0.71] 
Violence victimization in 
past year 0.06 [1.11] 0.04 [0.96] 0.06 [0.94] -0.37 [0.84] -0.36 [0.80] -0.36[0.74] 
Firearms in or around 
home -0.32 [0.90] -0.31 [0.84] -0.33 [0.82] 0.21 [0.89] 0.20 [0.84] 0.23 [0.77] 
Exposures based on mean standardized raster layer value across all daily activity path points 
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Table 7: Measuring exposure based on differences between actual trip paths and shortest 
potential trip paths, stratified by level of median household income 
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Table 8: Association between adolescent-adult connections and environmental exposures at 
home address 
Environmental exposure 
Presence of positive 
adult connection 
Supportive parental 
connection 
Supportive adult 
familial connection 
 β [95%CI] β [95%CI] β [95%CI] 
Alcohol outlets -0.11 [-0.35, 0.14] -0.14 [-0.36, 0.07] -0.11 [-0.31, 0.10] 
Vacant properties 0.06  [-0.27, 0.39] 0.05  [-0.24, 0.33] -0.06 [-0.37, 0.22] 
Vandalism -0.20 [-0.51, 0.11] -0.05 [-0.32, 0.23] -0.09 [-0.36, 0.17] 
Violence victimization -0.04 [-0.41, 0.33] -0.08 [-0.42, 0.26] -0.09 [-0.41, 0.22] 
Firearms in/around homes -0.15 [-0.49, 0.19] -0.01 [-0.30, 0.29] -0.03 [-0.32, 0.25] 
Narcotics arrests -0.24 [-0.59, 0.11] -0.003 [-0.32, 0.31] 0.02 [-0.28, 0.32] 
Disorderly conduct -0.25 [-0.48, -0.01] 0.005 [-0.21, 0.22] -0.07 [-0.27, 0.13] 
Recreation department facilities -0.08 [-0.41, 0.25] 0.16 [-0.11, 0.44] -0.04 [-0.31, 0.23] 
 
 
 
 
 
 
 
 
 
 
Table 9: Crude and fully adjusted associations between positive adult connection and 
environmental exposures across 6 hour, 12 hour and entire daily activity paths 
Presence of 
positive adult 
connection 
6 hour mean exposure 
 
12 hour mean exposure 
 
Entire activity path mean 
exposure 
Environmental 
exposure 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Alcohol outlets 
-0.02  
[-0.35, 0.31] 
0.17 
[-0.13, 0.47] 
0.02 
[-0.29, 0.32] 
0.17 
[-0.12, 0.46] 
0.03  
[-0.25, 0.31] 
0.12 
[-0.15, 0.39] 
Vacant 
properties 
0.27 
[-0.03, 0.58] 
0.28 
[-0.02, 0.57] 
0.22 
[-0.08, 0.52] 
0.21 
[-0.08, 0.49] 
0.18   
[-0.11, 0.47] 
0.20 
[-0.08, 0.48] 
Vandalism 
0.06 
[-0.25, 0.36] 
0.22 
[-0.05, 0.48] 
0.02 
[-0.28, 0.31] 
0.18 
[-0.08, 0.43] 
-0.004 
[-0.29, 0.28] 
0.10 
[-0.15, 0.35] 
Violence 
victimization  
0.11 
[-0.24, 0.47] 
0.04 
[-0.22, 0.30] 
0.09 
[-0.23, 0.41] 
0.02 
[-0.22, 0.25] 
0.07 
[-0.24, 0.37] 
-0.01 
[-0.24, 0.22] 
Firearms 
in/around homes 
-0.03 
[-0.36, 0.29] 
-0.005 
[-0.30, 0.29] 
-0.01 
[-0.32, 0.30] 
0.01 
[-0.26, 0.28] 
-0.05 
[-0.34, 0.24] 
-0.03 
[-0.29, 0.22] 
Narcotics arrests 
0.10 
[-0.21, 0.41] 
0.24 
[-0.05, 0.53] 
-0.02 
[-0.32, 0.27] 
0.15 
[-0.11, 0.41] 
-0.09 
[-0.37, 0.19] 
0.07 
[-0.18, 0.32] 
Disorderly 
conduct 
-0.004 
[-0.30, 0.30] 
0.06 
[-0.22, 0.34] 
0.03 
[-0.24, 0.30] 
0.09 
[-0.17, 0.35] 
0.04 
[-0.30, 0.30] 
0.06 
[-0.18, 0.30] 
Recreation dept. 
facilities 
0.14 
[-0.16, 0.44] 
0.10 
[-0.21, 0.42] 
0.09 
[-0.19, 0.37] 
0.07 
[-0.23, 0.36] 
0.04 
[-0.23,  0.31] 
0.02 
[-0.26, 0.31] 
*Fully-adjusted models account for individual factors (age, school enrollment, working, history of juvenile probation, prior 
violence involvement) and contextual factors along activity paths (sundown, presence of precipitation, mode of transit, 
alcohol use, presence of companions, connectedness among neighbors, neighborhood income, neighborhood 
racial/ethnic composition, fire and police stations) 
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Table 10: Crude and fully adjusted associations between supportive adult familial connection and 
environmental exposures across 6 hour, 12 hour and entire daily activity paths 
Presence of 
supportive 
adult familial 
connection 
6 hour mean exposure 12 hour mean exposure 
Entire activity path mean 
exposure 
Environmental 
exposure factor 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Alcohol outlets 
-0.14 
[-0.43, 0.14] 
-0.15 
[-0.41, 0.10] 
-0.11 
[-0.37, 0.15] 
-0.15 
[-0.40, 0.09] 
-0.10 
[-0.34, 0.14] 
-0.14 
[-0.36, 0.09] 
Vacant 
properties 
0.02, 
[-0.23, 0.28] 
-0.07 
[-0.31, 0.17] 
-0.02 
[-0.27, 0.24] 
-0.08 
[-0.32, 0.15] 
-0.03 
[-0.27, 0.21] 
-0.08   
[-0.30, 0.15] 
Vandalism 
-0.08 
[-0.34, 0.17] 
-0.09 
[-0.31, 0.14] 
-0.09 
[-0.34, 0.16] 
-0.11 
[-0.32, 0.10] 
-0.11 
[-0.35, 0.13] 
-0.12 
[-0.33, 0.09] 
Violence 
victimization 
0.04 
[-0.26, 0.34] 
-0.02 
[-0.23, 0.19] 
-0.03 
[-0.30, 0.24] 
-0.08 
[-0.27, 0.11] 
-0.07 
[-0.33, 0.19] 
-0.10 
[-0.28, 0.09] 
Firearms 
in/around homes 
-0.05 
[-0.32, 0.23] 
0.04 
[-0.21, 0.29] 
-0.05 
[-0.30, 0.21] 
-0.02 
[-0.25, 0.21] 
-0.07 
[-0.31, 0.17] 
-0.04 
[-0.25, 0.17] 
Narcotics arrests 
0.09 
[-0.18, 0.35] 
0.08 
[-0.17, 0.32] 
0.01 
[-0.24, 0.26] 
-0.002 
[-0.22, 0.22] 
-0.04 
[-0.28, 0.20] 
-0.04 
[-0.25, 0.17] 
Disorderly 
conduct 
-0.03 
[-0.29,  0.23] 
-0.04 
[-0.29, 0.20] 
-0.02 
[-0.25, 0.21] 
-0.02 
[-0.24, 0.20] 
-0.04 
[-0.26, 0.17] 
-0.05 
[-0.26, 0.15] 
Recreation dept. 
facilities 
-0.02 
[-0.27, 0.23] 
-0.10 
[-0.36, 0.16] 
-0.03 
[-0.26, 0.21] 
-0.05 
[-0.30, 0.20] 
-0.04 
[-0.27, 0.19] 
-0.05 
[-0.29, 0.19] 
*Fully-adjusted models account for individual factors (age, school enrollment, working, history of juvenile probation, prior 
violence involvement) and contextual factors along activity paths (sundown, presence of precipitation, mode of transit, 
alcohol use, presence of companions, connectedness among neighbors, neighborhood income, neighborhood 
racial/ethnic composition, fire and police stations) 
 
 
 
 
Table 11: Crude and fully adjusted associations between supportive parental connection and 
environmental exposures across 6 hour, 12 hour and entire daily activity paths 
Presence of 
supportive 
parental 
connection 
6 hour mean exposure 12 hour mean exposure 
Entire activity path mean 
exposure 
Environmental 
exposure 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Crude β 
[95%CI] 
Fully-
adjusted β* 
[95%CI] 
Alcohol outlets 
-0.09 
[-0.37, 0.19] 
-0.14 
[-0.41, 0.12] 
-0.08 
[-0.34, 0.18] 
-0.15 
[-0.40, 0.11] 
-0.09 
[-0.34, 0.17] 
-0.14 
[-0.39, 0.10] 
Vacant 
properties 
0.04  
[-0.21, 0.30] 
0.03 
[-0.22, 0.28] 
-0.001 
 [-0.25, 0.25] 
0.02 
[-0.22, 0.26] 
-0.001 
[-0.24, 0.24] 
0.02 
[-0.21, 0.25] 
Vandalism 
-0.01 
[-0.28, 0.26] 
0.01 
[-0.22, 0.25] 
-0.03 
[-0.29, 0.24] 
-0.03 
[-0.26, 0.20] 
-0.04  
[-0.30, 0.21] 
-0.04, 
[-0.26, 0.19] 
Violence 
victimization 
-0.02 
[-0.34, 0.30] 
-0.01 
[-0.23, 0.22] 
-0.09 
[-0.37, 0.20] 
-0.08 
[-0.28, 0.13] 
-0.09 
[-0.37, 0.18] 
-0.09 
[-0.29, 0.12] 
Firearms 
in/around homes 
0.01 
[-0.28, 0.30] 
0.09 
[-0.17, 0.35] 
0.02 
[-0.25, 0.30] 
0.04 
[-0.20, 0.28] 
0.01 
[-0.25, 0.28] 
0.03 
[-0.20, 0.26] 
Narcotics arrests 
0.10 
[-0.18, 0.37] 
0.10 
[-0.16, 0.36] 
0.03 
[-0.23, 0.29] 
0.03 
[-0.20, 0.27] 
-0.02 
[-0.27, 0.23] 
-0.002 
[-0.23, 0.22] 
Disorderly 
conduct 
-0.04 
[-0.31, 0.23] 
-0.06 
[-0.31, 0.20] 
-0.04 
[-0.29, 0.21] 
-0.04 
[-0.27, 0.19] 
-0.05 
[-0.28, 0.18] 
-0.07 
[-0.29, 0.15] 
Recreation dept. 
facilities 
0.11 
[-0.16, 0.37] 
0.05 
[-0.23, 0.33] 
0.08 
[-0.17, 0.33] 
0.09 
[-0.18, 0.35] 
0.06 
[-0.18, 0.30] 
0.06 
[-0.19, 0.31] 
*Fully-adjusted models account for individual factors (age, school enrollment, working, history of juvenile probation, prior 
violence involvement) and contextual factors along activity paths (sundown, presence of precipitation, mode of transit, 
alcohol use, presence of companions, connectedness among neighbors, neighborhood income, neighborhood 
racial/ethnic composition, fire and police stations) 
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Table 12: Differential environmental exposure along actual trip paths versus shortest potential trip 
paths among all study participants 
Environmental 
Exposure 
Difference in 
Cumulative 
Exposure,  
60ft buffer 
β [95%CI] 
Difference in 
Cumulative Exposure,  
660ft buffer  
β [95%CI] 
Difference in 
Exposure Density, 
60ft buffer 
β [95%CI] 
Difference in  
Exposure Density,  
660ft buffer 
β [95%CI] 
Vandalism -1.77 [-2.53,  -1.00] -6.02 [-8.62, -3.43] 0.81 [0.46, 1.15] 357.23 [-52.13, 766.59] 
Narcotics arrests -1.96 [-2.80,  -1.12] -5.05 [-7.16, 2.92] 2.31 [-.035, 4.97] 183.04 [52.53, 313.55] 
Disorderly 
conduct  -1.29 [-2.23,  -0.34] -2.05 [-3.15, -0.94] 0.74 [0.15, 1.33] 80.41 [8.34, 152.48] 
Public 
drunkenness -0.13 [-0.26, -0.004] -0.24 [-0.47, -0.005] 0.09 [-0.02, 0.20] 0.51 [-0.10, 1.12] 
Vacant 
properties -0.19 [-0.50,  0.12]   -11.44 [-17.31, -5.57] 0.92 [-0.10, 1.94] 549.86 [-34.39,1134.11] 
Recreation 
centers -0.01 [-0.02, 0.003] -0.04 [-0.07, -0.01] 0.001 [-0.001, 0.003] 1.41 [-1.07, 3.89] 
Murals -0.29 [-0.41, -0.17] -0.72 [-1.12, -0.31] 0.04 [-0.02, 0.11] 56.72 [-26.19, 139.64] 
*Differences in cumulative exposure are calculated as follows: Difference(count) = total # of points encountered within 
buffer along short route - total # of points encountered within buffer along actual route 
*Mean difference in count calculated for each participant across all of their unique trips = (diff1 + diff2 + diff3 + 
diff4...)/#trips 
*Differences in exposure density are calculated as follows: Difference(density) = (total # points encountered within buffer 
per 1,000 feet traveled along short route) - (total # points encountered within given buffer per 1,000 feet traveled along 
actual route) 
*Mean difference in rate for each participant across all of their unique trips = (diff1 + diff2 + diff3 + diff4...)/#trips 
 
 
 
 
 
 
 
Table 13: Association between positive adult connection and differential environmental exposure 
along actual trip paths versus shortest potential trip paths 
POSITIVE ADULT CONNECTION 
Environmental 
Exposure 
Difference in 
Cumulative 
Exposure,  
60ft buffer 
β [95%CI] 
Difference in 
Cumulative 
Exposure,  
660ft buffer 
β [95%CI] 
Difference in 
Exposure Density, 
60ft buffer 
β [95%CI] 
Difference in  
Exposure Density,  
660ft buffer 
β [95%CI] 
Vandalism -1.17 [-3.32, 0.99] -4.62 [-11.96, 2.73] 0.56 [-0.40, 1.53] 
-125.23  
[-1286.77, 1036.31] 
Narcotics arrests -1.46 [-3.85, 0.93] -3.06 [-9.06, 2.93] 2.20 [-5.34, 9.74] 
-113.05  
[-483.06, 256.97] 
Disorderly conduct  -0.90 [-3.58, 1.79] -1.18 [-4.31, 1.96] 0.76 [-0.91, 2.43] -132.61 [-336.35, 71.13] 
Public drunkenness -0.16 [-0.52, 0.20] -0.27 [-0.94, 0.39] 0.07 [-0.24, 0.38] 0.46 [-1.28, 2.19] 
Vacant properties -0.42 [-1.31, 0.46] -10.10 [-26.70, 6.50] 0.94 [-1.96, 3.83] 
460.86  
[-1195.94, 2117.66] 
Recreation centers 0.005 [-0.02, 0.03] -0.06 [-0.12, 0.03] 0.002 [-0.003, 0.01] 1.54 [-5.50, 8.58] 
Murals -0.03 [-0.37, 0.31] -0.47 [-1.62, 0.68] 0.16 [-0.03, 0.35] 42.99 [-192.23, 278.21] 
 
 
 
 
 
 
 
 
 
 
 
68 
 
Table 14: Association between supportive adult familial connection and differential environmental 
exposure along actual trip paths versus shortest potential trip paths 
SUPPORTIVE ADULT FAMILIAL CONNECTION 
Environmental 
Exposure 
Difference in 
Cumulative 
Exposure, 60ft 
buffer 
β [95%CI] 
Difference in 
Cumulative 
Exposure, 660ft 
buffer 
β [95%CI] 
Difference in 
Exposure per 
1,000ft traversed, 
60ft buffer 
β [95%CI] 
Difference in Exposure  
per 1,000ft traversed,  
660ft buffer 
β [95%CI] 
Vandalism -1.29 [-3.21, 0.63] -4.99 [-11.53, 1.56] -0.07 [-0.92, 0.78] 
433.04  
[-604.51, 1470.59] 
Narcotics arrests -1.31 [-3.42, 0.79] -3.27 [-8.61, 2.06] 2.25 [-4.48, 8.99] 210.02 [-119.93, 539.96] 
Disorderly conduct -1.44 [-3.83, 0.95] -1.83 [-4.61, 0.95] 0.60 [-0.89, 2.08] 58.98 [-123.78, 241.74] 
Public drunkenness -0.11 [-0.44, 0.21] -0.21 [-0.81, 0.38] 0.10 [-0.17, 0.38] 0.50 [-0.99, 1.98] 
Vacant properties -0.82 [-1.60,-0.03] -11.73 [-26.36, 2.91] 0.86 [-1.73, 3.45] 
687.74  
[-792.44, 2167.91] 
Recreation centers 0.01 [-0.01, 0.04] 0.001 [-0.07, 0.07] 0.003 [-0.002, 0.01] 1.80 [-4.50, 8.09] 
Murals -0.15 [-0.45, 0.15] -0.84 [-1.87, 0.18] 0.02 [-0.13, 0.17] 74.63 [-135.63, 284.89] 
 
 
 
 
 
 
Table 15: Association between supportive parental connection and differential environmental 
exposure along actual trip paths versus shortest potential trip paths 
 
 
 
 
 
 
 
 
SUPORTIVE PARENTAL CONNECTION 
Environmental 
Exposure 
Difference in 
Cumulative 
Exposure, 60ft 
buffer 
β [95%CI] 
Difference in 
Cumulative 
Exposure, 660ft 
buffer 
β [95%CI] 
Difference in 
Exposure Density, 
60ft buffer 
β [95%CI] 
Difference in  
Exposure Density,  
660ft buffer 
β [95%CI] 
Vandalism 0.33 [-1.72, 2.39] 0.75 [-6.12, 7.62] 0.17 [-0.76, 1.10] 
397.22  
[-695.13, 1489.58] 
Narcotics arrests 0.27 [-2.01, 2.55] 0.81 [-4.55, 6.16] 1.78 [-5.19, 8.75] 143.12 [-125.43, 411.66] 
Disorderly conduct -0.85 [-3.47, 1.76] 0.21 [-2.20, 2.61] 0.66 [-0.98, 2.31] 33.94 [-126.16, 194.03] 
Public drunkenness 0.003 [-0.35, 0.35] 0.03 [-0.37, 0.44] 0.11 [-0.19, 0.42] 0.59 [-1.06, 2.24] 
Vacant properties -0.40 [-1.23, 0.42] 6.94 [-8.98, 22.85] 0.24 [-0.35, 0.82] 
723.64  
[-894.80, 2342.08] 
Recreation centers 0.02 [-0.002, 0.05] 0.05 [-0.02, 0.12] 0.0004 [-0.004,0.01] 2.19 [-4.80, 9.18] 
Murals 0.06 [-0.25, 0.37] -0.21 [-1.17, 0.76] 0.01 [-0.15, 0.18] 83.07 [-149.87, 316.01] 
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FIGURES 
 
Figure 1: Health impact pyramid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adapted from Frieden TR. Am J Pub Health 2010. 
 
 
 
Figure 2: Haddon matrix: youth violence prevention 
 
Host  
(youth) 
Agent/vehicle 
(firearms, 
weapons) 
Physical environment 
(neighborhood, 
school) 
Social environment 
(norms around 
violence) 
Pre-
event 
Strengthen 
bonds with pro-
social adult 
supports; 
Improve 
situational 
awareness; 
Improve conflict 
resolution 
Reduce access 
to handguns 
Neighborhood 
infrastructure 
investment 
Lighting 
Remediating 
vacant spaces 
Promote collective 
efficacy & 
community 
engagement 
Promote 
economic 
opportunity 
Event “Fighting clean”  
Self defense 
Personalized 
firearms 
Call boxes to readily 
alert authorities 
Improve bystander 
response 
Post-
event 
Violence 
Intervention 
Programs; 
Trauma-
informed care 
Improve 
weapon tracing 
systems 
Ensure accessibility by 
emergency systems 
(ambulances) 
Community 
engagement to 
promote peaceful 
responses to violent 
injury 
Adapted from Runyan. Injury Prevention, 1998. 
 
Education & 
counseling 
Clinically directed  
interventions 
Long-term protective interventions 
Changing contexts to make default decisions 
healthy 
Socioeconomic factors 
Increasing population –
level impact 
Increasing individual 
effort required 
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Figure 3: Case and control participant home address locations 
 
*all participant locations have been jittered by a randomly assigned distance between 200 and 1200ft in both latitude and 
longitude to protect participant confidentiality 
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Figure 4: Activity path data management 
 
 
Figure 5: Control participant home address locations, by level of median household income in 
neighborhood 
 
*all participant locations have been jittered by a randomly assigned distance between 200 and 1200ft in both latitude and 
longitude to protect participant confidentiality 
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Figure 6: Control participant daily activity paths overlaid on vandalism locations, 2007-2011 
 
Figure X: Daily activity paths of participants overlaid on vandalism locations (kernel density) 
 
 
 
 
 
 
 
 
 
 
Figure 7: Scatterplots comparing exposures measured at home address versus mean exposure 
across daily activity path, by level of median household income at home address 
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Stress Experienced in Past Year
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Violence Victimization in Past Year
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Firearms In of Around Home
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Figure 8: Sample actual trip paths (A) and shortest potential trip paths (B), simultaneously 
overlaid on the location of narcotics arrests in Philadelphia (C), 2009 
 
 A                                                                          B 
  
C 
 
*dark blue lines represent areas of overlap between actual and shortest potential trip paths 
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Figure 9: Control participant home address locations, by presence of positive adult connection, 
2007-2011 
 
*all participant locations have been jittered by a randomly assigned distance between 200 and 1200ft in both latitude and 
longitude to protect participant confidentiality 
 
 
Figure 10: Control participant daily activity paths overlaid on alcohol outlet locations, 2007-2011 
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Figure 11: Sample actual trip paths (A) and shortest potential trip paths (B), simultaneously 
overlaid on the location of vacant properties in Philadelphia (C), 2008 
 
 A                                                                          B 
  
C 
 
*dark blue lines represent areas of overlap between actual and shortest potential trip paths 
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APPENDIX  
Appendix Table 1: Measuring environmental exposure based on differences between actual trip 
paths and shortest potential trip paths, stratified by level of median household income, using 
polygon-level environmental exposure data 
 
Participants living in areas of low median 
household income 
Participants living in areas of high 
median household income 
Environmental Exposure Difference in 
Mean Exposure, 
60ft buffer 
Difference in 
Mean Exposure, 
660ft buffer 
Difference in 
Mean Exposure, 
60ft buffer 
Difference in 
Mean Exposure, 
660ft buffer 
Median household income 
($) 
54.07 
[-250.87, 359.00] 
p=0.73 
71.10 
[-73.08, 215.28] 
p=0.33 
-256.92 
[-638.53, 124.69] 
p=0.19 
-87.84 
[-312.33, 136.65] 
p=0.44 
Per capita income ($) -112.23 
[-386.30, 161.83] 
p=0.42 
-55.02 
[-167.60, 57.57] 
p=0.34 
-172.17 
[-395.46, 51.12] 
p= 0.13 
-58.62 
[-143.38, 26.14] 
p=0.17 
Per capita unemployed 
(unemployed per 1,000 
age 16+) 
-2.10402 
[-4.43 ,0.22] 
p=0.08 
-1.11 
[-2.12, -0.11] 
p=0.03 
-1.01 
[-3.09, 1.07] 
p=0.34 
0.40 
[-0.44, 1.23] 
p=0.35 
Per capita with at least 
some college education 
-1.33 
[-5.17, 2.50] 
p=0.49 
-0.42 
[-2.52, 1.68] 
p=0.69 
-0.60 
[-3.24, 2.04] 
p=0.65 
-1.58 
[-3.75, 0.58] 
p= 0.15 
Per capita black (# blacks 
per 1,000) 
-2.94 
[-9.30, 3.43] 
p=0.36 
-3.01 
[-7.73, 1.72] 
p=0.21 
2.38   
[-1.27, 6.02] 
p=0.20 
3.88 
[-0.44, 8.20] 
p=0.08 
Per capita Hispanic (# 
Hispanics per 1,000) 
0.14 
[-0.94, 1.22] 
p=0.80 
0.01 
[-0.46, 0.48] 
p=0.96 
-0.18 
[-0.53, 0.16] 
p=0.30 
-0.03 
[-0.27, 0.21] 
p=0.80 
Total population -0.37 
[-13.57, 12.84] 
p=0.96 
6.63 
[0.52, 12.74] 
p=0.03 
1.77 
[-9.19, 12.74] 
p= 0.75 
0.51 
[-4.16, 5.19] 
p=0.83 
Population aged 15-24 -0.21 
[-2.51, 2.09] 
p=0.86 
1.69 
[0.06, 3.33] 
p=0.04 
-0.14 
[-1.16, 0.88] 
p=0.79 
0.03 
[-0.90, 0.95] 
p=0.96 
Truancy rate 0.0001 
[-0.001, 0.002] 
p=0.87 
-0.0008 
[-0.001, -0.00004] 
p=0.04 
-0.0002 
[-0.0009, 0.0006] 
p= 0.69 
0.0002 
[-0.0002, 0.0005] 
p=0.34 
Vandalism -0.0002 
[-0.003, 0.002] 
p=0.86 
-0.0003 
[-0.002, 0.001] 
p=0.67 
0.001 
[-0.0001, 0.002] 
p=0.08 
0.0004 
[-0.0007, 0.0015] 
p=0.52 
Narcotics arrests 0.0007 
[-0.001, 0.002] 
p=0.46 
-0.0008 
[-0.002, 0.0002] 
p=0.12 
0.0004 
[-0.0006, 0.001] 
p=0.43 
0.0002 
[-0.0003, 0.0007] 
p=0.51 
Disorderly conduct  0.0008 
[-0.003, 0.004] 
p=0.66 
-0.001 
[-0.003, 0.0005] 
p=0.14 
-0.0005 
[-0.003, 0.002] 
p=0.73 
-0.001 
[-0.003, 0.0008] 
p= 0.28 
Public drunkenness 0.0001 
[-0.002, 0.002] 
p=0.89 
-0.0001 
[-0.001, 0.001] 
p=0.72 
-0.0003 
[-0.001, 0.0007] 
p=0.55 
-0.0005 
[-0.0014, 0.0005] 
p=0.33 
Alcohol outlets 0.0002 
[-0.001, 0.002] 
p=0.78 
-0.0003 
[-0.001, 0.001] 
p=0.59 
0.001 
[-0.001, 0.002] 
p=0.38 
0.001 
[-0.00003,  0.001] 
p=0.06 
Alcohol expenditures by 
households 
-3.42e-07 
[-0.0001, 0.0001] 
p=1.00 
0.0001 
[-0.00002, 0.0001] 
p=0.12 
0.00004 
[-0.00003, 0.0001] 
p=0.25 
-7.45e-07 
[-0.0001, 0.0001] 
p=0.98 
Vacant properties -0.0001 
[-0.001, 0.0005] 
p=0.72 
-0.0001 
[-0.0003,  0.0001] 
p=0.39   
0.0002 
[-0.0001, 0.0005] 
p=0.23 
0.0002 
[-0.0003, 0.0006] 
p=0.49 
*Differences in mean exposures are calculated as follows: 
*Diff (mean) = Mean exposure encountered across polygons traversed along short route - Mean exposure encountered 
across polygons traversed along actual route 
*Subject level-mean values take the mean of these exposure differences across the unique trips = (diff1 + diff2 + diff3 + 
diff4...)/#trips 
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 Appendix Table 2: Association between positive adult connection and differential environmental 
exposure along actual trip paths versus shortest potential trip paths, stratified by age group (10-
14, 15-17, 18-24 years) 
 
 
 
 
 
 
 
 
 
 
 
 
 
POSITIVE ADULT CONNECTION 
Environme
ntal 
Exposure 
Age 
group 
(yrs) 
Difference in 
Cumulative 
Exposure,  
60ft buffer 
β [95%CI] 
Difference in 
Cumulative 
Exposure,  
660ft buffer 
β [95%CI] 
Difference in 
Exposure Density, 
60ft buffer 
β [95%CI] 
Difference in 
Exposure Density,  
660ft buffer 
β [95%CI] 
Vandalism 10-14 
15-17 
18-24 
-0.25 [-3.15, 2.65] 
0.73 [-0.59, 2.05] 
-2.19 [-5.45, 1.08] 
-1.77 [-7.03, 3.50] 
3.23 [-0.95, 7.40] 
-8.48 [-19.76, 2.79] 
0.08 [-2.68, 2.85] 
-0.03 [-0.99, 0.94] 
0.85 [-0.53, 2.24] 
1422.21 [-7291.35,10135.76] 
101.68 [-274.01, 487.37] 
-582.09 [-1189.58, 25.39] 
Narcotics 
arrests 
10-14 
15-17 
18-24 
-2.29 [-10.31, 5.73] 
1.71 [-2.29, 5.71] 
-2.44 [-5.56, 0.68] 
-3.05 [-16.45, 10.34] 
5.33 [-0.34, 11.01] 
-6.33 [-15.10, 2.43] 
0.16 [-1.60, 1.92] 
2.38 [-10.65, 15.42] 
2.83 [-8.20, 13.87] 
410.32 [-1515.29, 2335.93] 
175.48 [-464.71, 815.68] 
-316.53 [-700.26, 67.20] 
Disorderly 
conduct  
10-14 
15-17 
18-24 
-0.47 [-2.30, 1.35] 
1.92 [-0.43, 4.27] 
-2.12 [-6.21, 1.97] 
-0.60 [-2.85, 1.65] 
4.06 [1.70, 6.43] 
-3.31 [-8.08, 1.47] 
0.14 [-0.57, 0.85] 
0.19 [-0.60, 0.99] 
1.18 [-1.42, 3.79] 
220.99 [-1026.60, 1468.58] 
36.98 [-111.37, 185.34] 
-258.63 [-456.15, -61.11] 
Public 
drunkenne
ss 
10-14 
15-17 
18-24 
0.02 [-0.31, 0.35] 
-0.004 [-0.02, 0.01] 
-0.28 [-0.84, 0.28] 
0.03 [-0.23 ,0.28] 
0.01 [-0.02, 0.04] 
-0.48 [-1.51, 0.56] 
0.01 [-0.04, 0.05] 
-0.001 [-0.01, 0.01] 
0.13 [-0.36, 0.62] 
0.03 [-0.10, 0.16] 
0.06 [-0.28, 0.39] 
0.78 [-1.94, 3.49] 
Vacant 
properties 
10-14 
15-17 
18-24 
-0.91 [-3.59, 1.77] 
0.06 [-2.18, 2.29] 
-0.51 [-1.55, 0.54] 
-4.39 [-24.10, 15.31] 
7.54 [-5.48, 20.56] 
-18.44 [-43.66, 6.78] 
-0.03 [-1.05, 1.00] 
2.86 [-10.37, 16.09] 
0.46 [-0.44, 1.35] 
2392.38 [-10453.85, 15238.62] 
297.50 [-994.24, 1589.24]  
-47.45 [-439.70, 344.80] 
Recreation 
centers 
10-14 
15-17 
18-24 
-0.01 [-0.07, 0.05] 
-0.001 [-0.01, 0.01] 
0.01 [-0.03, 0.05] 
-0.02 [-0.16, 0.12] 
0.01 [-0.03, 0.04] 
-0.07 [-0.19, 0.04] 
-0.001 [-0.01, 0.004] 
-0.004 [-0.02, 0.01] 
0.005 [-0.003, 0.01] 
-0.30 [-0.53, -0.07] 
0.07 [-0.07, 0.22] 
2.67 [-8.41 [13.74] 
Murals 10-14 
15-17 
18-24 
-0.11 [-0.96, 0.74] 
0.17 [-0.35, 0.69] 
-0.11 [-0.58, 0.36] 
-0.40 [-1.16, 0.35] 
0.98 [-0.35, 2.31] 
-1.04 [-2.78, 0.69] 
-0.29 [-0.80, 0.23] 
0.17 [-0.33, 0.66] 
0.22 [-0.0001, 0.44] 
295.69 [-1571.88, 2163.26] 
7.55 [-31.82, 46.93] 
-18.69 [-52.32, 14.95] 
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